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INTRODUCTION

STATUS OF THE URONIC ACIDS IN THE CARBOHYDRATE WORLD

ide gd Ooour ’co‘of Uronic Aol and thei ‘ .nvtion
%o "go;xn__x_-_gnig,o!" - Uronio noidn. represented by slucuronie
and the 1 someric galaoturonio and ummranie aclds, ﬁu.le
not often found free in mtural products, are ubun;!ant in
plant aﬁd animal tillu‘;. as part of oo-piix bodies ffeqﬁohtly
spoken of as polyuronides. In the latter form they are found
in some huioolluloau. in guna. peotins, uoilagu. a.lgina.
glnooprotoina of aniul tiuuu. some of the "-lilo" prodncts
or niero-organiun, and in the ocapsular ntorial of som |
pathogenic bacteria, | o -

Such plant end animal tissues, of aourn.‘ﬁhd‘ thoi_x" vay
into soils; and complex compounds odntainihg‘uronio‘ aeid ruolel
light be cx'pcotod to form some purt of the orga.nle ntter ot
soils, and such is actually the oase (1, 2). o

In 1928, Oendlin and Schryver (3) msgntod the use of the
word "polyuronide” to desoride a mntmo in which m&a.r is
1inked %0 a uronic acid. If this tern mro adoptod. then tho
gums, peetins, hemiselluloses, mueilages, and algins would ra.ll.
under this general olassification, for all these classes of
substances are essentially the same in chemical structure in
congisting of a number of sugar molecules united, thru loss of



water, to a central nucleus of a uusar-aoi& (4), which 18 &
uronic acid. This nomenclature was ad@ptod_in order to .
remove & good deal of confusion with respect to the hlanlifi-
cation of the adove substances. ,

- Until this time, -the gums were erroneocusly olassified,
Lirgt as true oarhohydrafeu. and later as polysaccharides.
Until the term "hemicellulose" was introduced and defined -
~ according to the ohomioal propertioa of this group by Sanulno
| (5) in 1890, and extended by Sehorgor (), hcmieollulonoa had
been oonuidorod to be pclyaaaharidos cr hoxnao and pentoao

sugars. ,

Kowuver, dittioulty 15 enoonnterca with the alaanirication
of Candlin and Sohryvor with roupoot $o the hcnicclluloloa.-.:
sinoce the absence of oaxboxyl groupq in certain of the hemi-~
celluloses has bo;n definitely proved by the work of Hbrr;l
and Preece (7), Lix;'k (8), Irvine and Hirst (9), Hess and Iudtka
(10, 11). Thua, two classes of hcaioellulotcn are raoognized
(12): (a) "those very 1nt1matnly aauoolatod uith the e
oolluloae and never ocontaining a uronio aaid" and (b) “thoao
enorusting substances not closely anaoeiatcd with the
oellulose, and containing in practisally all cases a uronio
acid.”  The term "Cellulosans" (las'hac been applied to those
hon;oglluloséa which are atr;etly pontonann.'hcxﬁs;na, or -
mixtures thereof, whereas. tho.mrge."yeliumniﬁe" applies *\m~ -
those hemiocelluloses whose moleoule. comsists of a ﬁronic‘aoid
in conjugation with sugars. Muoch of the aonruaien in n@nanp
elature 1s due largely to the great variety of plant natoriala



in which honioolluloloa are to de tound. and ulao to tho

4oudt that exists as to thoir o:net tuaotiou.‘ !haush all aecid
honieollnloso- so far utudioa hava ‘been tound to centain a
nxonio aold, the fact that agar (15) eontaina an acid not
bclonging to the nronio acid group nisht lusso:t thst not ail
ae1d hemicelluloses containm uronie nma. | ,

The work of numerous 1nva-tigutoru on iho 'polynronido'
"hoaioollnlonio materials such as beech wood (14. 15). eltrus
peotin (15), oat straw (16}, onion peetin (15). turn&p (15) |
box:ood (17). maize cobn (18), oeekntoot ETa88, (19). rye
atraw (20), and hoartwood (25) ha. eonfir-o& the uidn-proad
‘ocourrence of uronic acids in honicollulo-cs of diftorent |
erigin. Anderson (26) ahowod the presence of nronio aoldl 1n
many of the hemicelluloses from widoly di-trihntoa louruo-,
such as in white birch. spruce, ontulpa. western larnh. oottone
seed hull bran, oorn eoba. hickory lawaust. oto.v_’

!btuithatanding the rar-roaohing &otinition hy Oandlin
and Sohryvor. the claulitioation or 8 aubltanoc as & gun 1a
lainly an arbitrary onn. not balod purticularly on anj
~eonstitutional knovlodge. kut upon tho orisin‘ana phycical
behnvior of the purtianlur gun. tosothor with tho rsot ‘that
it is of a csrbohydrato nntnro !hcueh tho origin nné rnnntion
or the gums in plant life 1- net yot olonrly naﬁnrstood. thoy
are genmerally rogtraoa. 1n oase of trto-. as boing fornad vy
breakdown of nor-al eollnlur ti-anu; Ihorna: some tnthorition
maintain that they are normal pro&nptl ot plant -ntabelisl.
others boliovb that thcy are protnatd by onz:lo- fornaa hy
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inveding fungl; and still others suggest bacterial origin
(27, 28). Intensive and exhaustive 1nsnatigationa on the
following gums: gum arabie (29-35), mesquite gum (26, 37, 38),
cherry gum (29), gum tragacanth (40), cholla gun (41), specifio
bacterial polysaccharides (42—47), and gum of root nodule
baoteria (48), verify the prevelence of uronie acids in the
realm of gums. . - .‘ | |
Extensive work by mumerous 1ﬁvo§tiéa§cra’o£{pecfic mater-
1als such as lemons (49). 1emon pectin (50). sagar boet (51. 52),
nax (53, 54Y, tovascco (65, 56), orange albode (57), orango .
peelings (58). eto. have shown oonnlunivmly that the "buildins
lteno“ of the pootin moloaule is poctio acid, uhieh is oonpencd
of a dpgalacturonic aeid in oonbination with galaetone and ‘ |

'arabinoso (59, 60).

A Another nonbor of tho "pelyuruniac“ clasa uhieh has boon
studied %o some oxtent inoludes the so-called micilages.
Flaxseed rmucllage was repcrtoa by Eilger (61) 1n 1903 o yield
on hydrolyaia ‘several sugar units tesothor with an aoia by- _
produet. In 1913. Heville (62) vcriried the unrt of Bilger.
Anderson and Crowder (63) 1nrostigated the natnro of the
uronie acid from this snbatanac. and 1dcnt1tied tao aeid. -
The oonatituent uronic acid of qninoc seea mucilago haa boon

studied in some detail by Renfrew and Cretcher (64).
Varioua'inxestigntibns on several species of seaweed
have roported e new type of earbohyérato material which
apparently is made up.ocompletely of polyuronioc aeld (65-72).
Quantitatively, at least, this material Years’ the game relation




. » R e/a Uroniec
Substance ' Souree Acid Antherity 7
Hemicelluloss B Oat hulls  5.65  Anderson, Krznarich
Hemiocellulose - Mesquite wood -~ = Sands and Gary
% Alginioc Acid "Sea weed - 98 Nelson, Grctehor.

‘Link, Bird, Haas,
8ehaotrol stanrord

Peotin .- lemon wood - 2 ,f-Aanorson, 801510
" - .White Pine 2
Hemicellulose . ¥heat Bran = = Norris, Preece
Hemicellulose A Heartwood 8.79 G'D!zor
" A Sepwood - 9.8 .
Macilage White mustard
: , - seed 20,43  Bailey, Herriu .
" | Flaxseed - Anderson, Crowder
" o Quince seed 30 - Renfrew, Cretcher
Bassorin : Gum traga- o
- . oanth - , 80,8 - Korman
Pragacanthin " " 50.8 "
Aeid Gum Arabdio ‘ e TN
(Sample I) Gum arabie 12.66 Normen -
- Acid Gum Arabie . .
(Sample II) 17.56 "
Gum - to ‘ . 130 - Anderson aund Otis
Gun . Chogla - 1148 Sands and Klass
. Gum , Cherry gwn - 1061 ‘Butler and crotehor
Type VIII Speocific . o
Polyeaccharide Pneumogogcous - Eaiﬁolbor;er. aetbol,
T 'Ksnﬂall '
Type III Speoific Lo - .
Polysaoocharide " - Ebldolberser. aeobol
' S ‘ s Kendall ]

Type A Specific :
Polysecoharide Friedlander - - Goebel .




xgthoda of Dotorqgggtiog_gg_gzgg;g_ég;gg.» “Two nothod-
are employed in testing for the presonon of ureaio ucial': |
tho first or theao is qnantitative and conuista in hcating |
tho natorial in quo-tion ‘with 12 ptr ccnt hyaroohlorio aoid
(75) for a given longth or time and dotoruining tho por cont
of carbon dioxide. ovolvod. At tho Univoraity of L:izona
laboratories. the apparutnl nlod in a1n11ar to thnt d.loribcd
by Didkaon. Otterson, and Link (74). bnt tho hoating is 11l1t-
od to 4 hours. The u:oond lcthod. thct of !bllonl (?6). depends
upon tho oolor roaot1on or uronio :oids vith naphthnrnauroinol.
Oonaiderablo _care must be cxorciuod in prepsring thil rcagcnt
as to get reliadle rounltu. \ |
The rirat of thoao above nathe&s 1s vnrw s.ncral in 1tl
app11outionu. Sinoe uronic aocids yiold 82 $ por cent earbon )
dioxido, hence any plmnt naterial thst eontainu a uronic aoid
should yield approolable quantitios or.o;rbon diaxidpvundox
the experimental conditions of the ditorminafibn; Hoidvor
the method haa the diaadvantago th&t oarbonatnl allc yiola
large amounts or carbon dioxi&o. whilo some othnr acida. anﬁ -
even sugars themselves, yleld small anonntu of the gsn. "
~ Since most earbonates are vory readily daoonpo:oa by 12
per eent hydroehlorie acld, uheroas uronia aolda :ro dcconpoaed
only by heating the uolntion vigerannlr. tho error &uo to the
presence of carbonates oan be oaailr overcone hy sdding tho 12 f
per eont aoid to the laterial 1n the tladk and waraing tc a
tonporature of 60 ror a ahort tinn, uhilo druwing a ltroal or
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air thru the solutiom, . _ -

_ Iink has determined the per cent carbon dloxide evolved
by & mumber of pure substances when heated to 135° with 12 |
per oent hydrochloric acid for a period of § hours. Among
other results, he found that different sugars gave amounts
varying tppreximtily within the limits of 0.2 to Q.'.s par.unt.
The amount of carbon dioxide evolved by msar: depends upon.
the temperature and duration of heating, tegothcr uita poss:blo
oxidation by the air drawn thrd the apparatus. '

The per oent of carbon dioxide evolved by & mnila.&eai
is 30 much greater then that evolved by any other organiec .
substance likely to be present in plant mtorial:. that'fér -
all results and purpoau. the owlution of un larss qmatitiu
of earbon dioxidc under tho givtn t:porinontal condit&ons may
de considered as strong ovidcn« Toxr the prounu o:r a mzﬂ.a
auid. though the prusan»o of laxga a:aaa&: of oithor oxalie
acid or free mar rond,erc the results lcu eomlusivc. when
the amount of carbdon dloxide ;- 0.5 per cent or bctter. :
1 the heating is not sontimued for more than 4 hours, the test
is quite roliahlg. However, for aaann&n of oarbon aioxiAQ
less than 0.3 per cent, mﬁ. upuially where hydmlxai: leads
40 the 11boration of largo quentities of free sugars, the t@at.
for all purposes, indicates the absence of uronic asids.
Possible Role of the Uronic Acids in Nature.- The presence
of ﬁionic acids in the »-o#llﬁa "polurenide™ molecule lends
support to Tollens (76) and de Chalmomt's (77) theory of the
formation of pentosans by atmospheric oxidatibn or'atarah or



sellulose, with the ald of ferments, and rdfhipu'ﬁﬁnligkt.
It 1s postulated by Spedhr that in hexoses, whose Aldbhy@lo
groups are involved in polysaccharide linkage and are thus
" protected from oxidafian. the tarainal jrinary‘dléohoi B
group is oxidized, perhaps thru the eatalytie action of
' nnnlight. with the formatiom of uroniec acids, uhieh. npon
subloqnent decarboxylation, yiold the eerrosponﬂine ' .
pontoue:{ It has been observed that d-xylose is frequently
associated ;n nature with d-glucose and d-glucuronic acid.
This condition is in agreement with the adove theory, since
17 the aldehyde group of glusose is fixed, as in the higher
. &laucosans, the formation of glucuronic acid may be effeeted
- by oxidation of the end primary aleohol group; subsequent
dooarboxwlation will lead to formation of xylose. However
this -ﬁchanian does not acocount for all natural sugars and
aclds found as constituents of complexes in plant cells. -
. For this reason it has been postulated that glucose mey be
' eonverted, by inversion, inte galactose, from which, in a
similar way, galacturonio aoid, the basal unit of peotie
gubstances, and finally aradbinose, may arise. Fnrthernara,
1%+ has been suggested that 31u@ose nay be conw%rtoa 1nﬁo

mannose thru the 1ntornodiate enolie torn, ana tuus 1oad )

'the formation of mannuromie aeid, If such changou t&ko

| place to any extont. a8 thoy very 111013 do. owing te vaxiationa
in metabolism of the living pmeoplan, we thus mm an h
oxplanation of the origin of foroign eemyonontl 1n tho plant
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eell wall, which \vonld otherwise um-t of txue uuulou.

.We can thus pic’mro in the plant cell tho ymm» of
ocomplex cellulose, formed by the ocmnnnun of glucose
alone, and of oxycellulose, eomposed of clmn and slmx;-
onie acid. TFrom the decarboxylation of gluouromis .mva.ﬁ a‘
«ipqu.er_ xylose may arise, forming the miom, x;laiu or,
by sonversion of glueose 1n§o galastose, a galaotan may bde )
formed, with the sudsequent galacturonie eeid. Decarboxyla-
tion of the galacturonio acid unit would give rise %o an
arabinoge complex, thus forming the pentosan, sraban. A .
uﬁonnt course of reaction would give rise to mannans and
,»unmnie acid. In the same cell wa.u. all these modifica-

- tions may be’ oxpcotod 4o oecour.

Bvidence points to the mqucnt association, on onb ‘hand,
o:t'(;) glucose and glucuronie aeid, (d) glucese, glucuromiec
""iua. and xylose, (c¢) gluecose and xylose, m-(a) &luouronie
aeid and xylose (78). On the other hand, there is the associa-
tion of (a) galactome and galasturomio aeid, (D) galaetose,
galacturonic acid, and aradinose, (o) galactose and arabinose,
and (4) galascturonic soid and arabdinose (78). .,

For some time it has been observed that xylose rﬁu}{ts
from the dlochemical desarboxylation of glusuronie ecid by
aetion of putrefying bacthio. (79). In vici of the aforegoing
possidle natural proeou. this action would explain wh: xylose
forms such an 1nports.nt part of the hol‘.leonulnu content of
woods, whereas galactose and arabinose toscthnr take active
part in the structure of the gums, which are thought to de
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decomposition produo‘ts of noma;.piant tissue. 'ﬁao observa-~
tion that glucuronic acid amhydrides écm in the woody |
gudbstance (80) and glﬁcum’nio 20ld in straw (81), whereas
polymerioc galaomodic aoid amdrid.oa form the. chief con-
stltuent of pestin substances, olé.rity‘ thoa@' relutloml;ipn.

These genetic connections between csllulose, the hemi-
ocllnlons. and the poly—uronie acids leed us to conclndo -
that all these conpononts of the 1mmtat1an«-conta1nin¢
natural products are formed in a aseries of ehcnoal metiona
and are thororore oonneotod by ohenﬁ.eal bonds a.nd m not
held together solely by adsorptilon.




SURVEY OF WORK ON GLUCURONIC iCID

Gluouronic Ascid = History, Oosurrence, Imporiance.-
Gluouronic soid, also written glyouronic aoid, occurs in

many naturel products such as wood and straw; it also. coours
in combined form in meny plant maéeriala such as gum arabiec.
(8z-88), specific soluble substences of pneumocogous basilli
type II (89), types III and VIII (90-96), gum of root nodule
beoteria (97), soluble specifio substamce of Friedlander's
‘bacillus (98, 99), hemiocellulose from oat hulls (100), cotton~
seed hulls (101), beechwood (102), mucilage of -white musterd
seed (103), and cherry gum (104). The sarbohydrate groups
present in the mucins and other gluoo-proteina;havo the '
struoture of polysaccharides in whioh glucosamine and '
glusuronic aoid ere united. lLevene and LaForge (105) showea
that‘tpe oarbohydrate group of all gnoopretoina'is composed -
of the four components: sulfurie acid, acetic aecld, hexos-
emine, and glucurenic acid in oqu;noloeular»propertiona.'~

- Phyaiologloally, the most interesting oxidation product
of glucose is glucuronic eocid, rreQuently'?bﬁpafin the urine

in combination with s variety of substances. The enimal’

organism hqa the power of combining aubi%ineenfuhioh arov |
toxio, or which can be oxidized only very slowly, with glu-
curonic acid and exoreting them in the urine. - In this way

the phenols resulting from intestinal putrefaction are
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rendered harmless to the body. It was once suggested that
% sudbstances ﬁ.rst form a glueoside wivth fglul.mn.' MGh ,
then, by virtue of the faet that the aldehyde group is pxw-qtgg-
ted, is oxidized at the other emd of the chain, timntorming
a substituted glucuronic aeid unit, However this view is
not held any longer, since Pryde (106), has shown that phenyl
and bdorneol lg-glueoaid.u are not converted by the dng to the
corresponding gluocuronates. Thus the source of glnmmnio
aoid is probadly mucin, Therefore the formation of this
compound in the animal organism reveals a path of gluocose
exidation unlike any other considered hithcm. lemo )
. aeld was first isolated from the urine of amimals that had
been fed’ omphor. but it has been detected simo, ﬂumgh in
' small amounts, in normal urine. IR S
Gluouronic acid does mot exiat in the urine in free
form, but in combination, especially with compounds of the
amm‘tia series. Two Xinds of linkages occur: (a) the gluco-
sldloe :bno. as in phcnol or menthol, glucuronic aeid, wherein:
the combination is thru the aldehyde group. (’b)'tho ester

type, 88 in gluouronic aeid monobenzoate. oH :
H, ,

Hie - :
H-—é-o- -$
HO-é-ﬂ
H-C~0H . ,
H-'¢

C=0

Glucuroniec Acid Monobenzoate
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Mn hyd.rox;y banzoio acid 13 raa to m:. :lt is wnjmtod
vith tvm nolocu.lea or glueumnic aocid to rorn an on%r link-
age with one and a gluooaidie linkago with the othor. 1n aneh
manner: O——C, /V'c:; CchCva’ ‘

o: Cs'//c 04 'COOH
When administered to animels in small amounts (3 grams),

glucuronic soid disappears oonplatcln ‘but when given in
larger amounts, a portion is recovered in the urine.

‘In the past, glucuronic acid was considered chiefly from
the standpoint of a detoxicating agent, since it was assumed
that the process of conjugation consisted in rendering a toxio
gabstance less toxic, However Quick (107), to whose: work we
owe much of our present knowledge of glusuronmic acid metabolism,
pointed out the interesting faot that conjugation with glu-
ouronio acid yields produots which are much stronger aoids
than the orsigieii:al substances which were presumadly do‘ton__qo:.tvod.
Therefore he suggested that a fundsmentsl factor in sonjuga-
tion is the 6onv"orai.on of a weak acid, m:l&h tho body upparant-
ly aa.nnot exorete, to a atrong aoﬂ.d whioh it can olinim.tt

thm the kidneys.
 Henoe it is conceivable that the physiologie signifi-

ecance of 'gluo"uronic acid is not mstriotitd 4o its function in

termﬂ.hg conjugated produets. Any substance which the human
organipm oan synthesize at the rate of nearly one gram per
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hour cannot be 1@01'.& witmt mrm m amm ct
overlooking, perhaps, an importent utcbono prmm‘

8t 4-Gluouronic Apld.~ - Aosording to quisk (107), szu-uxeaao’
aoid oan be most oonveniently pmpcro& from bormeol s.lu- |
mcnato. Borneol nay be edministered in S-gream dun deily
for weeks to a dog without 111 effeet; and at the same time
e 50 per ‘eent recovery of bormeeol. glucuronate, Wipﬂa@oﬂ"
as 1tn zine salt from the acidified nrim, is abuiml

'Tmu the rru gluouronio ecid is obtaimd by tmtm the
ziné selt with warm sulfurio scid. Fryde amd Williems have
isolated élnouronic acid from human and canine urine a.mr
idninistratic'nn of borneol, and have subjested il to methyl-
atién and luﬁnqgent' hydrolysis, ‘From the mtm of the

oxidation products, they conolude that gluouronio acid has

& pyranose ring: H-c'::ﬁ. N
’ Ho-C'.fﬂ' : l)
H-¢-oH
H-C~oW
g
C?_?oH
Ehrlich end Rehorst (108) sucoeeded 1n obtaining free

d~-glucuronic acia in oryatalline form by hydromms the =

~ peired oompound, menthol glusuronic aeid, with dilate
sulfuric acid on a water bath. ‘!ho mmn un m mpar- .
ed by removing the sulfuric aocid uth excess baryta.
Laotone formation was avoided if enuf barium hydroxide was -
added not only to preoipitate the sulfurio acid, but also
to form the barium salt of gluocuronic acid, which was then ,
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purified by precipitation in alechol. Then th‘ M xl.n-
euronic acid was.obtained by mtm the berium salt in a
‘moderately warm aqueous Nlutxoa with the caloulated amount
of sulfurioc acid, ocautiously cmoéntm tlu filtrate, ex-
'truting the resulting syzup with alaghﬂ,. and cgﬁgmmt-_ E
ing the extract., The cmtallm-t_\w? acid was thus
ebtained in needles in 50-70 per eent yield from the meathol
glusuronic soid. It hed & melting poimt of 154 § it neutral-
ized thc caloulated amount of stamderd sodium hydroxide;

o‘-] (5,0)- 11,78 (1nitial), end 36,26 (final, te sfter 1.5
%o 8 hours) thua indicating mtnrotunm; eorresponding to
its pH value of a.a-z.a, it was act sweet, but. M a pro-
mounced acid taste comparable to that of acotic aoid; 1%
reduced Fehling's solutioa only on boiling; it yim& e
besic lead salt with basic lesd scetate snd a basio barium
salt with excess hot baryte. The emhﬁnidau n.l.tm e
melting point of 199-800" ;<] (H,0)=135,0"; vhen heated in
water a long time, its rotation decressed till it ylelded
a mixture of varying emounts ef d~glucuronie asid and the
anhydride. = The inormio salts of gluwouronioe aoid are either
difficult to orystellize out, or thny are not erystallizablej
but many of the salts of organie bases (Mu cinehonine,
quinine, bruocine, and stryohnine) can be prepared amd . . ..
‘erystallized easily (109). The oinchonidine salt. of the .
rru a0id orystallizes so readily and completely that it

is useful in' nohtins and purifying the free aeid, Wor,
in donling with the leotone, it is better to prepare the
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gluauren-thioaqnioarbazeﬁs. es the formation of this salt
takes place quantitatively and the product il thzﬂnnls
characteristic and very easy to erystallize., The laaﬁaao ‘
melts at i?i-l?&"and is reported to reduce Fehling's solution
in the 0old; however the latter statement is incorreet since
semples showing' this property oenxgzn treces of edsorbed
impurity, which do the redusing. | |
A Glucuronio acid was formerly cbta&a&a trﬁn the h;arclyiis
of euxanthic aoid, a substance obtained in India from the
urine of cows fed with naas@Al&avala~ZXn~thia'aafhnﬂ,§s:§ 1
‘mast be taken not o have the solution too stromgly esid;
also the temperature mmst be carefully controlled, though
the latter restriotion is not so important as the comtrol

of the pH of the solution. A great disadvantage of this
method lies in the dirricultr and Qxyanao of the preparation,
Eoworer. this mathoa is no longer ua.d besause unilinc dyes

have diaplaood suxanthie aeid tram the umrtnt; thsrotcro
 gluouronic acid is now obtaised by either of thc tuo uathodl;,.
alroaﬁy deaoribeﬂ. or by thc rolloning praeodﬂra. N

Wbinnann (llo) ha- aunooedoa in obtaining éwglumurenie 2

aeid 1n oryatalline form from gum.arabio. Thiu 0ntutandins
piece of work makes glunuronic aoid easily avail;blc; thua
the importance of this nstnod, aupaaially in e&rtain branohoa
of biochomiatry, 1: to be natod ﬁapooially Gun arabie 1-
hyarolyzed with 0.5 N hyﬂreohlerie a01d at 100° until
dJr*-B& to -36°., The gum eo1d oonlintins of ﬂ*gluqaroniﬁ
a0id and galeotose is separated end hydrolygod farther with
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melts at 236 and has an «(J,0f -369. Hemoe in view of the
experimental results, she ooncluded that the ascid hydrolytie
product of hemicellulese A was glucuronic acid. |

A disoussion of the hydrolytio produots odbtained upom
hydrolysis of the hemisellulose B fraction will be given in

the seotion of the paper devoted to galacturonio acid.

The ocourrence and isolation of d~glusuronic acid in~
connection with the iari@ul gums, hemicelluloses, mocilages,
end soluble specifioc iﬁbﬂt&ﬁuoc will be comsidered in the
respective seotions devoted to isclation anﬁ”anmlyuis of the
aldodionic acids from thﬁ above Iuhtfanoaa;u

Methylated Glucuronio Asjd ~ History, Oseurrence, and
Problems Involved.- A more complete discussion with refer-
ence to the methylated uronic acids will de presented in

connection with the 1solation of such ecids from their stable
aldobionio acid unita, under the topies treating of aldobionis
acids.. However, a summary of the work done on methylated
uronic acids, and some of the problems thiolvoa, ﬁ1gkt be
intereating at this state.

The presence of methoxyl groups within the moleoules
of oertain of the gums and hemicelluloses have been studied
to some extent uithln the last 10 years, O'Dwyer (118),
reported methoxyl groups in the hemicelluleses of beechwood
and American white oak. Fifty per sent .of these soculd ﬁi
readily de-esterified, whereas the remainder proved resistant
even to drastic methods of hydrolysis. Henoe these results

lesd her to the conolusion thet methoxyl groups were attached




by both the ether and ester (glusosidiec) linkages. She
studied the possible sources of the methoxyl group amd
finally ooncluded that the soid must be em integral part of
the hemicellulose molecule itself.. After a thoreugh study
of mtqﬁite* gum, Anderson amd Otis (118) faentiried methoxyl
glucuronic acid, which might also be present in the hemi-
e¢ellulose of mesguite wood according ta Sands and M (nv),
and Sands and Nutter (118). ‘

' Methylated uronio aeids,. m“ identities have not s
yot been definitely established, have bsen reported in quinse
seed mucilage by Renfrew end Creteher (119), 1932, im cherry
gim by Butler and Cretoher (120), 1928, in the gum from
lemon trees by Anderson and Russel (121), 1932, and in the
hemicelluloses of lemon wood by Fruin (m). 1!58.

'Von Fellenberg's important: articlo (183) om the determi-
- mation of methoxy groups in verious oompounds states that if
e methoxy group oan be removed from a compound by employing
a two per cemt solution of scdium hydroxide at Mz the
methoxy iz 3ou;..a~to the molecule as a glucoside or ester,
However if none is removed by this treatment but is removed
on boiling the compound for tem alnutu with lmntrm
per cent sulfuric aem, the methoxy is present as en cthor.
In both cases the presence or'uthyl'n«hel is proved in |
the distillate by employing D»J.p’n? mtm (124).

The qletorminatidn as to whether a uronie acid is
galacturonio or glusuronmic is usuelly a rolatiﬁly simple
prooedure, whereby the uronic acid is oxidized with bromine




' and mrobrmo acid; if the uronis sold was mtmu.,

~ then mc:lc acid is obtaim; ir tha original mid was
gl.muronio, thon uooharie ac:.d 1: obtained, mrm ir
‘unnnrenio aoid wau pruont. ummemis um mu be
the product. All of thc above axmu um ean be identi-
fied easily by 'nrimn methods, . m in tM case of
>'uw.htod uronie aoids it 1a mot a 0ase of a simple uronis

. uo;uz the uthoxy srw.p mt ‘be removed u thz ‘uroaie umh

| is to ho m.ntiriod by meens of m.wie. mennosaochario,
e;rlmio acids. Oxidations using bromine and thhrm
acid, or nitric acid may ho used. However nitrie mw is

80 violont ,in the oxtdatton that th. mm is smashed
bedly a8 a rule. In gensral, a g;‘ut dul o: exaliec scid
is formed by this proodm. and it may be a dmmt matter
te deteot the presence of the. &uixﬂ. M.buia asid. II. that
event, after tho oxuation is eomplete, the mm-e is treat-
od with caloium oarbomate and thus the oxalic esid is removed
by the formation of imnsoluble scaloium oxalate. M the
soluble dibasic @oid ean be determined by proper m. -
without being comteminated by the oxalste ion. If, after
swoh procedure, a didbasio eeid is isclated end is proved to

| be one of the above aibesio éciu. thcu 1s no doudt that
the original aoid wes a methylated uromis aeid of the corre-
sponding type. - .
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SURVEY OF WORK ON GALACTURONIC ACID

History, Oscurrence, Importance.~ Galacturonis ecid,
H3O (CFIOH) COOH, which is isomeric with gluouronic acid, is
found in the tmoilége of vnite'mnltardvaoad”(lﬁﬁ), hemi~

celluloses of forage grasses (126), hamieeliﬁlbssa,er beech~
wood (127), flaxseed mucilage (128), lemon pectin (129),
orange albedo (130), orénge pectin (130, 131), and beet
pulp (132-136). o

To Ehrlioch we owe the discovery that galasturonic scid
is the keystone of the pectic substances, th;ch.arovvvry
commonly ocomponents of the cell wall of plants, . Ab material,
he worked in the main with beet residues., He described as
the ultimate complex af peotic subastances a compound which
* he termed pectio moid. Summarizing all the faots known about
this acid, the analyses of Ehrlich show that the acid conaists
‘of four molecules of galasturonic acid, one molecule of -
galactose and one of arabinose, together with three molecules
of acetic acid. All these substances are combined:with the
loss of eight moleoules of water. The acetic acid is present
as acetyl groups joined to the molecule thru the hydroxide
3£oupa; but whether these are hydroxide groups of the carbo-
hydrates or;or the galaoturonic acids has not yet been
definitely proved, From all avidence there is no free
aldehyde group, whereas the four carboxyl groups of the aeid



ore free. On the basis of the above facts, Nanji, Paton,

and Ling suggested the following structural formula for

peotio acid (157) -

9A = Golaoturonlo Aoid

Q == Galaetose

A zr Arabinose

Other schemoo for the structure of peotio sold have

postulated; however redent experimental foots indicate
that these schemes as well os those of Nanjl, Paten, and Ling,
and of Ehrlich are fundamentally in error. The variable
composition of pootio acid argues against the existence of
such a basic unit. Various investigators have obtained
fireentagea of golaoturonlo aoid varying fébm 65-95 per cent
of the peotio nold, This variation is iIndependent of the
operator and method and depends upon the fact that different
peotio nclda contain different proportions of golaoturonlo
sold, together with varying amounts of galaetose and ara-
binose, Nanjl, Paton, and Ling found a 1:1 ratio in several
samples (49), Sloop and Ehrlioh found that some pectins oan
be practically free of galootoat, whereas arabinose makes up
one-fifth, and galaeturonio aoid four-fifths of the total,
Ehrlioh has also shown that some peotio acids may be, for
all purposes, arabinose-free, Thus wo may say that galaotur-
onlo aoid is the oharaoteristic constituent of peotio aoid,
whereas arabinose, galactose, or both may be present 1in

varying amounts.
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From oolloidal oonsiderstions of peotis acid, 1t 1s
found thot the oolloidal.miacil&: are 100 §1aal\or BOre ;amgnz
than they are wide. The olaasntca atruntura of tha a&aolle
finds its expression in tho foct that whem peotic soid 18
dried under tension in the form of throedu. the micelles show
good orientation in the airaatzon_ot:thh ttnjicn! aiﬁilarlr
to sellulose and xylen, in which glucose and xylose, respect-
ively, are connected by oxygen hridges into long chainmas In 
peotic mcid, one hes a substanee made ) of 5nlﬁetnq9, are-
binose, and gnlaofuronle acid, &11 of 1h1¢h dxtrer rrén one
~ another only in the sixth carbon atom, Hnnca it soens mosnt
reasonable to suppose that pectic aoid eaaaauta of long ehai#ﬁ
of 3a1actone molecules (A) in which tha a&xth sarbon ataaa act
nmrcly as g&ggngggiggg that many of thnuc -1xth carbon ntnas
are oxidized to oarbcxyl groups, thun gtving riso te anlaatur-
enio. acid unitn (B); thet s0me or thnn.nmx'bo ranovaﬁ eeupleto—

ly, and thus form arnbinouc units {(C)e This uchnno 13 111n:t-
rated thus: ’

A. Gelactan; B. irolyugalaaturanxu Acidg 'G. ’&rahaé



Thus, veriation in the composition of pectio gcsﬁ'is
sasily understoocd on the dasis of tht*aﬁeva~¢trugt§ra. s:nat.
greater or fewer relative numbers of the above units may be
pranont 1n tho peetzo acid molecule, .

‘ The ohain struoture of the pectin molecule can be vuri-

_ ‘fied in various ways; the prinsipal method, by use of X-ray

. stules, has demonstrated the chain strusture, but muoh work

 remains to be done concerming the details of the orisntation.

By the X-ray diffraction method, it. is possible to obtain

inrarmation as to the structure of the chein but ‘not as to

its 1nngth. Bb'ever, Standinger, Kensinin, and 3ehasi§tz, Er

viscosinetric methods, hart determined the latter qgaatity

lnﬂ have lhoun thnt in soluble peotin 200 or more aa&sanl&u

ere’ jotnod in oaeh ohain. (176, 177). ‘
ggepgrtiea. - Galacturonic ania, -anilirly ta~glmvm=m~

toid, ‘is wator-noluble, ntrangly ruﬁnstl alkaline copper

" solution even in the- eold, and givot a gecittva nnghtaeresorei-
nol test ror uronic aoiﬂn. It ateampesoa on heating with 12
yor oant hydrochlorze acid- anﬂ yieléu a pentose, 1»::&%130!0,.
laa carbon dioxide, among many other products of decomposition, . .
The pentose, on further ticutnast with the hyaraekleris asid,
yields furfural- and various degradation pr@daetl. Ehrliék.'
{139) determined its melting point to be 159, and m o
specific rotation wes found to beol] &+ 53, It is oxidized, by
n&trie aoid (sp. g 1.19), to the aorroaponding dibasie acid,
ancio.acia, whioh is 1nsoxnblc 1n untor. Ehrl&oh prepared
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an alkﬁloid salt, cinchonidine gnlﬁﬂtaxenitn,‘faw !&&ah!ha‘
}‘ctominoé the mltigg point to be 158 °, and the specific
“rotation was K= +1B4e | | o

Link and Dickson crystallized &-gahetmna.e asid in
mieroscopio orystala, of melting point m»m, aceompanied
by frothing and decomposition., The specifie.rotation (HgO)
after 24 hours was -65559: o . |
On hydrelyzing pestin, the . .
polygalacturonic acid can be isoclated, If the latter is
heated in an antoclave for several hours with one per sent
sulfurio acid, 'galaatﬁronie' acid is formed, and a 30 per eent
yield of the orystalline d-galacturonic acid can be obtained.
The free polygalacturonic asid is only slightly dissceiated
in water, but a N/50 solution.of its sodium salt disscciates
approximately 75 per oent. As the free aoid is only slightly
disscsiated, the freezing point method ean he employed to e
deternmine its approximate molecular weight. m.e'maxm. SR
values vary from 650 to 680; hence the results would indicate
it to be a tetragalacturonio acid which has a theoretical’
molecular weight of 704.

Hemicellulose B, as oblained from beechwood by . ifias
O'Duwyer, sesmed to be more closely allied to thmmtiemub—
stances than the hemicellulose A traa’twa.._ It gave, on
hydrolysis with dilute sulfurie aeid, arabinose, whish was
identified by its melting point (160) and by preperation of
diphenyl hydrazone of melting point ‘2082 From the mixture of




sugars, the di phenyl hydrazome of galectose .alsc sepsrated-

out (M:Pt.= 158°). ‘However, the yield of galssturenie seid
vas aho’m: 63 per. oent. Mofemmo B, uwpon oxidation with
ﬂitm_aam, yielded small amcounts of mmeie miﬁ;g After
hydrolysis with the sulfuric acid was ocomplete, the barium
mt:et galacturonic acid wes.formed by mtu'mmim
_the solution with: baryta,.filtering, concentrating the syrup

13 veouo, end precipitating.the salt in 95 per eemt ethanol,
The per. sent barium in the barium galacturomate ram low.
"mme of incomplete separation of the sugars. W. the
a&mhonidino salt of. the free sahotumm -acid was pmpared;
an&. the results omm_olmoly_w -those obtained by mugh.
Itm méra' uelnblo m-tM‘aMMmm’ salt of . glucuronie |
‘801d; the orystals obtained by sveporating the solution to
 dryness melted at 157° and-had a speeific retatien, (] of +137.
A mitiw mpmharcaomiml test waa obtained from a. mlut:.on _
of the rru ‘aoide- A more oomplete cxmﬁ.natiea was mot poniblc,

| owing to. the smll amount of seid obtained tm tm smsll
mnt;.ot- hamieollnlwo B parent -material. A

- -vin summarizing the-work om beechwood, the yields of
amnronio uoid (rrm hmgouulou A) and’ galasturonis
aedd (rrm hmioellulau B). :m mu. owing t0 theivr de-
composition during the. m:eel,ylu. . Their -presence® or absence
among the hyarelytis produsts was found to be dus not te. |
Mﬁmmu in- tha aga of. tho wm. the method M mmg, eote. '
but amly to the mtm of hrﬂrelyliﬂ mlam. ‘In the




eourse of preperation of these aciﬁa-fraﬁ their parent poly-
urﬁaidc-substancea_by’h§ﬁraigtia erea&azea; an inevitable
destruction ocours. This destruetion ascounts for the low
yields that are usually obtained in the course of the pre-
pnration-or.tho:uron;o‘aaids from their parent materiesls; and
1t alsc eontributes to an errer in the course of the deter-
mination of hemicellulcse, peotin, gum, mucilage, ete. inm -
plent physiologic studies, Besides carbon dioxide, furfur—
aldehyde, and some reversion produsts, the astion of dilute
mineral acids produces & furane derivative, whose nature has
ot yet been determined (140). It has been found that it is
the instability of the freshiy-liberated uronic aoids 1a -

a weak mineral seid solutiom that is primarily responsible
for the low nem‘s'. The ectual yleld of the specific -
wronic acid 1s in most ceses ‘less then 30 per cent of the ~
'thacretidalxquantitysebtainablogiéalcalatea-ea ins basis

of the uronic acid content of the source material.

 Link end Diokson:(141), after careful experimentation
with various'ebmmnrnialipréparétioan cbtginablt'an&.IOVQEal'
prepared in the laboratory from sugar beet pulp and apple

- pumice, found that a lemon pectin preparation afforded the .
:ﬁnt:eeaﬁamiaa1 and oonvenient starting msterial in the -~
preparation of fres d-galscturonie seid. However, Suarez
(142) was the first'iniaatigatar to isclate d~galasturoaie
soid from lemon pulp in the form of 1%s barium salt, Iimk
and Dickson prepared lemon pectin, 8 grayish amerphous



powder, completely soluble in hot water, by extraoting lemon
pulp with oitrie eoid at 907 ~After concentrating, the
pectin wéa»preoipitafeﬁlwith‘ithannl;'preaaod.fand waghed
g%veral'timas;and"drieﬁs’.?hisuleman pestin contained approx-
innttlyiso‘por*oént'galacturbnia‘anhyaride.' Hydrolyais of
this pectin wes effected by refluxing with 2.5 per cemt .
sulfuric ecid:for 15 hours, . Thereupon. the acid was neutral-
ized with BaCOz, and the elear filtrate of .the soluble .
‘barium salt was deeolorimed, filtered, eoneentrated in vasuo,
end poured-into‘&nvolumea.or.Qs-per cent,ethanol~with-‘;-
vigerdua s5irring. LThQAbariﬁn.galacturanatc was carried
thru the ssame process for. purpose or'purification,lanﬁlthen'.
1t was’dehydrated by suspending firgtiié‘ss“pér»aqnt'ethanol;
then in 99 per oent ethanol, ond finally in ether. There-
npcn“the'Whité?aaltuwaa*driea suuoesé;vﬁly on & porous plate,
‘in a vocuum desiccator, end finally in an Abderhalden dryer.
“Aahkdeterminations'qn‘various’fragiions yieldeﬁjaa“eantentﬁ
from 26~27 per eent;_uhbreaa theaﬁ}-tc@‘(cgﬂeoq)aaa demends
26,3 per cent hafium; The yield of barium.galgéturonato ‘
from peotin with en initisl uronic enhydride comtent of 80
per cent was approximately 50 per cent, whioh7ia‘oqui?a1ﬁnt
to 42,6 per cent of the theoretical yleld. Link end Dickson
atfribnted th'-less’to.dcatrugtion of barium salt during the
- eourse of hyﬂrdlyaia‘and by loss in the process of purifi-
oation thru formation of reversion produsts. Te berium salt

in agueous solution was déoompeséd by’additibn'or"thc ;,



&‘tﬁorough purification, the material was obtained free of
more than traces of ash and nitrogen. The neutralization
equivalent was found to be 3285, and the analytical data
indicated a compound of formule 0313&#035,"ocntaining‘two'
replaceable hydrogens, This sompound was submitted to acid
hyarolyaihi'the wétor-iﬁbolublo fraction waa‘rdmovsﬁlby'”
filtration, and the filtrate treated by phenyl hydrazine. An
bihzohe,‘having a melting point, specifie rotation, and solu-
bility in olose agreement to the respective values for
d~-xylosazone, was”obtﬁineﬁ; Therarorc; on basis of these
above obaervationa, alginia acid was oonsidored a conpounﬂ
oompoaod of an unknown aoidio nnelunn 1n oonhination with
pentoso augara.A : A

‘That this acidic nuoleus in alsln rrwm‘ggggggggg~ggg__gil
i gluouronio acid was suggautad by Atsuki and Tomoda. Thnir
~ 4dea that this algin contains a uronte’ acid was fostered by
the fact that their preparation lost 20 per cent of 1ta'weight
as oarbon dioxide when boiled with 12 por‘oont'hyuronhlérié
'Aoid.- Kawcver, thcy gave no cvidonsc 1n proot of thc oon-
' riguration or aaid aoid.~

Sohmidt and Vooke (146) hydrolyzed the alginie acid from
fuous serratus ann.inolated what they thought to be a mixture
of pdly-g;ucuronio'aoida. '1hcn§ acids, as found by them in ?
the plant, were bound with varying amnunta of 0thor carbo-
hya;ata- on hydrolyaiu of this matcrial they got an aoid
whose sinchonidine salt melted at 204°, which is #ho.mnltins

e




point of the cinchonidine salt of gluouromic acid, as -
raported by Neuberg. However, proet of tho identity of this
salt is limited to its melting point, and henoe is 1asaa~ |
¢lusive. Nelson and Cretcher were of the opinion that SGhniat |
and Vocke's method or,hyarelyazg»&;dAnot1peuy1ata;y,;gkgxato
the mono-molesular urcnis acids from the polymers; hemce the
oinohonidine salt of melting point 2047 which was isolated
by the two latter men was not of a single Gg eldebyde sugar
acid. Hence Nelson and Cretcher (147) uuhn;ttod the algin
from fuous serratus to more drastic hydrolysis and obtained
from the product a oinohonidine salt melting at 152, Tis
1s the melting point of the olachonidine salt of the Ce
aldehyde acid nh;eh”thoyuilalatgd-rrqa mA- -

also, Hence these two sclds are prodadly identical and are
surely not gluouronic. ,waqrsr;~th1- does not exclude the
the posq;bilifyﬁthat more than one uronioc acid may bde yraaoﬁt |
in fucus serratus. _ o _ R | ".:
Nelson and Cretoher, working on various algase, isolated .
the alginic acid from W, ssminaria agerdhidl
‘nnd.ggggggx;_;g_nzgézg;g In the case er the rlrit-anntioned
algin, no analytieal work haes been done ea the original
material. However, the algins from the lnttsr two have been
studied analytically. These acilds, free of traces or.aak

and nitrogen, gave strong naphthoresoreinol tests and wers .
hence thought to contain uronic ascids, Titrations with
standard alkali gave neutrallzation equivalenis varying,
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with different aamyloh,'tram 1?&?166} ‘The carbon-and hydrogen
determinations indicated the formula (GgHgOg)a, while boiling
_with hydroohloric scid eaused liberation of carbon dioxide
td’théioitent of 25,5 pcrvéont.I The pure acids 4id mot -
reduce Fehiins'l solution, Hanoo'thonaiféﬁtarinﬂioatQEthat'
algin 15 a polyuronic ecid in which all carboxyl groups are
tiee‘and all aldehyde groﬁpa oonjugeted, and alsc that the
ﬁolaoale consiats of at least 98 par'aantzﬁronio anhydride,
Pofhapg even more, as the loss of carbon diaxﬁdn from a
urbnio;ﬁoid“ia said to be not gquantitative (148). Beyond -
the determination of nnalytical aata. But 11ttis ltaay has
been done ‘on the algiata eoid from 1

that from morwzatiu m;gﬁg has been- hyéralym to the
free Cg aldehyde acid, which doul not have the prepartiaa

either of d-galacturonic or of d&-gluouronic acid. Since
the latter two uronic acids are the only aldehylde iugéarﬂ"

~ 801ds hitherto found in nature, the importance of this work
ean be realized. That the scid obtained was neither a mixture
of galacturonte aaa‘glnéuronzc‘aeidsiﬁnrvditn;r;et.thnﬁiin
impure form was shown by:the fact thet neither muoie acid"
nor saocharic acid could be isolated after oxidation with
bromine or nitric acid, and that the pure cinochonidine salt
of the aldehyde acid-d1d mot have the properties correspond-
ing to those of the galacturonie or gluouronic salts of this
alkaloid, | : '

"It 1s-kmown that uronic amcids lose oarbon dioxide eni
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treatment with hot aqueous minerel acids, and that furfural
18 a product. It may be assumed that a peantose sugar is
fntermediate in the procesa of hydrolysis of the alginie

a0id and that the reaotion involves decarboxylation of the
uronio aoid to give a pentose, which, on loss of 3 molesules
of water, yuu_u furfurel, This scheme would explain the
formation of the pentoses which were reported by Kylim (144)
and by Hosgland and Lied (145). If the osazone isolated by
the latter two men was actually that of d-xylose, them it _
mst de identical with the osazone of the epimere of d~-xylose,
nemely d-lyxose. The identifieation of the uronie acid is
thus simplified somewhat, imasmuch as 1t must be of sush
eonfiguration as to form either d-xylose or d-lyxocse on loss
of carbon dioxide, LA eonsideration of the stormhmal* '
formnlas of the hexoses reveals that of the 16 possible
hexuronic acids, only four ean meet this oonﬂitiom d~-glu~
euronio acid and l-iduronie acid would form d-xylese, where-
s d-mannuronic and l-guluronic eeids would form ‘d-imsc.

In the consideration, d-glucuronic ascid was exoluded by
experimental ovidence; since iduronioc and guluronic acids
are derivatives of sugars not as yet found in nm-, thelr
presence was oonaidered improbable. Inasmuch &s d-mannose

1s widely distributed in mature, and since Nelson and
Gretoher (151) found memnitol im masroeistis to the extent
of 4~8 per oent, the latter two investigators assumed, as &
wrk;ng hypothesis, that the algin is composed, at least in
part, of d-mannuronic eocid.



ﬂae .‘dmuty of this uronie soid from macroeistis .
pyrifere: was' utnbluhed on the basis of the faot that on
exidation 1t formed & &i-~desic acid, mannosaccharic aeid,
whose diemide and diphenyl hydrezide corresponded in proper-
ties to the anelgous compounds prepared from pure d-memno-
saccharic dilactone, Bcnsé this is eoiomin..mr that
the aldehyde-acid 1s the hitherto undesorided mannuronic.
Bodd, . i B R

- Nelson and: c:steh'e:ix {149) prepared the lactone from.

the cinchonidine salt of the alginis aeid by first prepering -
the barium salt, liderating the berium guantitatively with
sulfuric eoid, and fimally erystalliziug the lactene fram the
elarified syrup. ita..pra'portiu were ntamM b‘ its
purity and idenmtity, thru 'ita amm Totation .of e¢],=+/99;s-;
and titration value ar 86 tuhuut-c nm =87) with
standerd alkali, ‘ |

As a result o:»:ntm'an‘.’:ﬁrkAoa'thc-mtm, the veriocus
in".lu&ntor-‘,".u’am;comu ‘found the axutma'at‘.;{;_, .
';vmtaretation,'“!hioh ‘had eseaped their observatica bocause
‘:fat the amall amount of material available in. thatr sarlier
c::purimta. The lastone. us isclated thru the ammmm
salt as previously dmrtm._ . e :

‘The melting point and specifie retatum of the einohoni-
dine salts from fuous serratus mmmza Sscoharine
agreed with the values reported for the alkeloid salt-from
meorooystis pyrifers. However, under different sonditions of
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hydrolysis, Sehmidt and Vooke (146) and Bird and Hass {150)
ebtained salts with airferent properties. - These diserepancies
would seem to indicate the presence of more then cme uronio
es1d in alginic acid, but the consensus is that it is more
Mno;thnt;tmy are due to differences inm degres of - . . .
hwolm-. | : S .

. Nelson and Greteher (161) prepared cinohonidine
mmmromto from orystalline mannuronio lectone and found
that the melting point and apeeifis rotation of this prepara-
tion checked very clesely those properties of the ocimchonidine
salt obtained by them after hydrolysis of algiais ecid, The
seme imutmtéx--, orystellized mamnuronic @eid lsctene, in.
the same manner.as desoribed previcusly, from glaoial scetis
asid. -The lactones obteined from meerosystis pyrifers, .
laminarie saccharips, and fucus serratus hed the seme melting
point of 139 whioh did mot ehange on thres further reorystall-

Mts.ona,_;rqm the same meximum spesifie rct’atim@ Iin rcmung :

the Totations of the lagtones, there was a rapid imitial in--
erease, probably dus to attainment of equilibrium betwesn the

.o and (B forms of th’wq; .mnrtm‘mn subsequent B '

devrease, due to ramfieé of free aldehydo-mannuronis aeid,
- Thus, n hricr snrny of -the toplo may now be considered:
d-—mmmronic acid eppears to be the chiefl th of the -
wl_»mrenidu found in varicus species of brown algse. It was
~ obtained for the first time, in the form of its lastone, by
Felson and Cretoher,-from the alginic aeid of maerogystis -

st b S AF S+ oo st it e w e s e L e e e e AL PR



| pyrifers and subsequently by Schoeffel emd Link (158) from

_ the same souros, Nelson and Creteher alse reported the

- isolation of the c;_rﬁtauing lactone Ifrom the alginie acid - -

- of fuous serratus and leminarie sagebarimg. Link (183)
euncunced that the free acid had been obtained im erystalline

form, ' Heretofore, mannuronis acid had mmmu the
- form of 1its lactone. : |

When barium d-mennuronate, prepared’ trm alginic acid
after the method of :Sehoeffel and Limk (152) is converted
into the free acid under appmpriata'omitim, both the
< andf-mdinaatiom.om ‘be chtained, Isolation of these
two dynemio iscmeres of the free =oid presented great 4irri-
 oulties, since both forms show a great tendemsy to revert to
- the more stable lacotone. Furthermore, free d-mannuronic acid,
in contrast to d-galacturonis and d~glucuronic aoids, exhibits
certain ammlom behavior with respect to n}.nhinty, sta-
bility, eto, - - : '

ol d-mannuronic a¢id 1: ‘very aoluble in solvents used for
its ery-tallizat:lon; ‘hence it mmblu tho mhm suger,
oL d-mnnoao. Howover the lﬁ variety is less mlub&t, but s
available in mht moly mncr emounts, aince the equilibri-
um between. thed anﬂ(ram is far toward the« mide in .aqumr
or alecoholioc solutions, = Neither modificetion cam de changed
into the other , @8.1n the case with the« and g galasturonie
 acids, because of the great tendenoy to lastonize, ' Another
difference 1s that thee form is very hygroscopic. In spite



©of the adove differences, Schosffel snd Link ‘obtained both'
'uam,oauona of the ac1d in rm-ly pure state’ (m). .
- Preparat on of

&-mnnuromto, propam as prnimly AOserim, in a 80 m
' ont agueous aclution, was llelrl: dropped into 95 per cent
Cthml at flO.» Sim:.ltanomly, lesa %han tklmthnl
emount of stenderd sulfurie aoid was added dropwise with
stirring, The system was mixed ‘vigorously, at =107 for 1
hour, desolorized, and filtered, Absolute ethanol wes added
* to prevent the fres d-mannuronic asid ‘from reverting to the
laoctone, ‘The solution was filtered earefully, © mcitiat“
in & vacuum deaioaator to small wlmn, and lm to arystan-

* ize in ether-acetonse solution at -5} tm/a lmonh «u
"cryatall were formed. ’ |

- mediffcation 1s obtalied when barium menmironate is decom-.
posed Ii’éh' sulfuric acid .at room temperature, under the same
- comditions presoribed for the isolation of the §form. The
erystals of the {variety, obtained after crystallization
 from the syrup at -16‘, mist be removed from the mother liguor
by a filtering device that excludes air and moisturs, because
‘of the hygrossopic nature of the crystals, The fumnel, Where-
em the orystels are eoneetod;'is‘mrrénndoé by a freezing
‘mixture to keep the temperature helow 0. | : ~
- . The identities of the above two escids were eonfirmed by
determinations on the specific rotation, neutralization
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‘equivalent with stenderd slkali, water of orystellizatiom,
and .pre_p‘_azf-atiqn of;.’mﬂacew;o, aom. )




SURVEY OF WDRK OH’TEE AIBOBIONEB Aﬂlﬂﬁ

.Recent atudies

- on b;ént_gums éﬁd plaﬁf fiaiﬁgs héts raaaltod in the identi-
fication of en 1norea¢1ﬁa number of polysaaohnrido-uron&o
acid eamploxon which, on. hxﬂre&sth, ortan yield several
different sugars as well as an aldobionic u@ia'nnit. 3lunlly

~ the aldobioniq,aoia—oonsggts of ‘a hexose sugar in combina-
tion with a uronio_acid‘iﬁ such a manner that the nldﬁhaﬂo.
grcup ot.the,ﬁrQnid}qqidziu nn:fpa; thru loss of water, to
a hydroxyl group 6: th§ kagﬁr mwlaonlé'and;tﬁan gives rise

toa g;ugoaidic-Iinkagé»hetvupntha_tvo_cdnatituént nniks.
Ebuavqra;débionie aoids consisting of a uremie aoid linked
to a pentose or methyl pantésd'havc besn found. To date,
gluouronisc ané galaoturanig_aq;da'nre tn;,onli uronie éaiaa
which hare\boon 1dogt1:igq.1n‘tho;p.groupinsn. The énly |
~A-rceogn;zgd_wgr1afibn has been that in some cases the uronie

asid ocours in methylated form. The stability of the aldo-

‘bionie scids is shown by the faot that they. survive, at -
least in part the hyﬂrolyt:o ‘ection of 4 per cent lalrurio‘
aoid at 100 for about 16-20 haura (299).

~ These aldobionie acids arc suh:tennaa new 1n thn ttudy
of oarbohydrata uhamintry; ta date, thny have baan found 1in
tho soluble specific snbstannas produceﬂ by pnannmooaent
bnoteria types I, II, III, and VIII (155—163) and by




. Friedlander's baoillus type i (168); their presence hes also
been shown in hemicelluloses fTom oottonseed hulls {164), in
the muoilage of quince seed {185), white mustard seed (186),
and flaxseed (16‘7), in mesquite: m {168), and in gum arabis
{169=174), | |
. The problem of the asidie moleus in gums was lomg age

- attacked by 0'Sullivan {178), who earried out some very oare-

© ful and detalled investigntions imto. the nature of gum arebio

" in'partioular. His methods were, briefly, hydrolysis with
wiﬁ:, praparutien of the barium salt of the hydrolytio
product, fractional precipitation with elochol, and ultimate
: malyaia; of tl;'e obtained salt, . .Mtlr»mrﬂlyauiot;m -
‘arable, gedda, and’ trggnoan_th. ‘he isoleted an organis seid,
arable acld, of lower molecular weight, whiech on heating

- with dllute sulfuris aoid, gave an.acid, whieh he oslled )

~ arabinosis a01d." The latter ‘was stadle enuf to resist the
~aotion of Z~4 per cent sulfuric acid at 100° for soveral hours,

 From the results of analyses on-the barium salt, he gave this
stable substance,: whioh he caldulated to e a dibasio r-eia, .

. @ formula CggHaglzz. ' By this means O'Sullivan-comcluded that
gum arsbioc had-an mpiﬁcnl ‘formala’ ai‘ CgeHl42074 and eon-

- - gisted of misé@lié"ar'é;"ar' 'pwublyiﬁv,'haiu. sugers,
termed by him«/,f ,¥, and J arsbinoses, linked to & muoleus
of } arabinoats aoid, Later, Robinson (179) cbtained an sold

" of ‘similar oomposition to ) arabinosie aeid from the gum of
Coehlospermim Gossyp im. R




reducing sugars together with aldobionisc acids similar to
those isoclated from some of the plaamt gums. It thus appears
that some of the uronic acid hemicelluloses are similar in -
their gonoral,strnathre‘tQFuan:’plnnt'gﬁn'. : .

- It ‘is highly probeble. that the spesifie nature of esch
s01d1c carbohydrate has its origin in the chemical identity
of its ocomponent acid nucleus. The fact that even up till
present studies, no botenicelly different gums have yielded
1&cntioaliaoidie'nnolci'11 substantial evidensce in favor of
the idea.

Comparatively modern researches on the plent mmeilages -~
mey be said to date from the emd of the nimeteenth cemtury,
when Gens:and Tollens investigated quince seed mucilage (193).
The earlyrrancarohoanioroVeencgghod3ehzttly'tith.tho nature
of the sugars produced on hydrclyiit; hawtvcrkuixllo'iaelattd
the "barium salt of an orgenic acid”, but he was mot comvimsed
that the aéid'wg--a constituent of the mmoilage, sinse he
rogarded*i¥?§s'an*ihpnrity; uzhis’ob;arvatieaégi“ot peoculiar
interest in view of the riot:that.tho existence of uronic
a0ids in such plent materials was, at that tiit.'ua;unfootdd.‘
‘Bailey and Norris (199), on soaking white mustard seeds
in water, obtained an extract which contained the mucilage.

To this extract an equal volume of saturated baryta was
added, whereupon a gel, ihieh 1in§d1ato1i5prpoiy1tatod, was
© filtered off. The filtrate contained free sugers and 8lso
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a water-solubdle pfé&nct,*frantiéa~!,’!h&oh was rwdcijitnblc
by aleohol, and yielded, on hydrolysis with dilute sulfuris
scid, rhannoao,:arabinon., galaoctose, and galacturonie asid,
The gel obtaimed by the astion of beryta was further
fragtionated by eddition of sodium hydroxide, which effested
its separation into cellulose, fraction II, amd a sodium
hyﬂrotido-nolnbie‘ﬁroaaot;lrrtotioa III, presipiteble by
alechol and which ylelded, on hydrolysis, arabimose,
' gnlactoua,fgalaoturonic“Qoid.-and"glnauroaic asid, but.no
Thamnose.

“On. heating the original mucilage for a short time with
dilute sulfuric acid, a gel, which wes shown to consist of
ecllulono, separated out. Artor rcpcatod prolonged hydroly-
sis, and after nentralisation with: hartun.carhcnnta, barium
salts of aldobionie ucidn,‘ana'or ‘which ocontained rhannono,
were. obtained; whereas the residual solution, after alcoholic
precipitation of the: bariul salts, was sholn to contain only
free sugars, namely arabinnaa and galactose, - .

ﬁailoy'and'ﬂarria.thgn hyﬂ:olyzoﬁ»thc mucilage for i8
hours with ‘4 per oﬁat;-uiruzie-aoid, neutralized with barium
earbvonate, riltéred,:evéporated.tho.colntxon down ip vaouo,
and precipitated the barium salt in slochol. The latter
was redissolved and reprecipitated twice, and dxitdoﬁvih!v,;:
following analytical results were obtaino&i-- o,
‘  Uronic anhydride = 51.0 ofo
. Methyl pentose. . . 17.4 ofo
Hexose (by difference) 31.6 o/o



The theoreticsl values for an aldebionic acid mixture of
hexose-uronic acid and methyl pentose-uronio asid in the

~ proportions of -2:1, ‘are as’ follows:

- 'Uronioe anhydride = 50.85.0f0
© Mathyl pemtess- 18,10/
~ Hexose .= 3B.6 0fe.

Having regard to the .rrm in the mmtul meothods
involved, Bailey andf:mrru ‘consluded that the experimental
and theoretiocal values .n;z-_o;‘nrruzi‘cny slose.  The ana-
1yzed product wes obtaimed after prolonged hydrolysis under
'ccnditiona whioh wouu destroy free uma niﬁz; ma the
nmlt: 1nd:lnto that rolatinly stable aldobionic aeid’

' muolei exist in the mueilage. ot -

. In the light of results by other ixv-nt;;ntaws,-tan,
existence of aldobionio scids in the mihstmta bo
‘expeoted; and it seems probable that a rhammose~galasturonic
asid end possibly a galestose-galaoturonic aocid are present, |
Challinor, Haworth, snd Hirst (200), in a stuldy of the .
gulaetcao-gluouronie agid or gum: mbis, have shown that
the galaotoao residue is jcim in the aixth peaitim with
the aldehyde group of the nrenio acid. However, Bailey eand
Norris believe that in the ease of rhamnose-gelasturonioe
" aedd rrem.nn-tara'a.§a; neither the 5 nor 6 positions appears |
to h aveilable for the p'a.rpoa of Im with the uronie
wld.. o o -

' The presence of a rhemnose-uronic sofd in the mucilage



nnnstitntan 8 dirrioulty in 1ntcrprttnt1an, nxnnt 3tn pra—
auotien rram,tha original h;xoae raateun: in thn plnnt 1n—
vnltea both exidation and roduotinn: us&datxpa ot a taxnz
nnl CBQOE group to rorl tho nronze aeid, ‘and rtlnatiqn of
a naarby cazaa to praduco rhalnoae. Thart.il no txpcrz-
nnntal ovidonoo to anppart :uch a thoerr, bnt 1t is oon~-
acivnblo that a eemplctc axidaticneroduottan lyltqn,any
gxint in the 117135 organitn.and may. thus hc oaptble of .
orfooting tho tranarornntion:.r va&aaeo'rax,thg latter,A»

clsumption mey be torthooning from further work ea the -
'ptraxidqao ayaten prenant in oalls adjaoant to th@ lnotlngc-}
f © - sscreting oolla.}l“ '

204 , annnt
aaod nncilago arrcrda an ad&itionnl cza:pla or tho aataral

esourrence cf mothmxy—urenic acids, Aa was cngg.atod hy ,
”Schmudt (189) and anphalxzod k: xirahnor and ihllana (lﬁﬁ),'
this mn911Agn 1s & cemplcx cr a eallnloaic frnotiun with a
more roadily hqdrolyzoa pclynqoaharid‘. Ehs lxnknao 1- not_
easily brokon by action of. dilnto acid ar alknll at room.
temperature, but hot ailnto aoiq’;;poratcs Tedusing ;nsa:;,
eellulose, and a "gum" (190)-_}“

. In the 1nveltisntion oaadﬁattd hy Raatzo! and Grttahez
{191). th. 1nvoatxgatora ehtaincd quince seeds of Persien
origin, extrasted them first with alochol snd ether and then
treated with water to obtain s mioilage, whieh wes them .
soparated. The gum was preoipitated and dehyirsted By -




'iloohbi aﬂd'thoh ﬁfoiéd&. “The aak fram the aﬂ&tral gun una ‘
removed by repeataﬁ precipitation in anm’ aquooma aolntien N

jeontaining one por oant hyﬁroahleric acid.- Thorcupan the

: quinoo acea gum wes hyﬂrolymoa by rorluxins wzth 0.3 R

: vaalfurio aoid for 10 houra, at lhieh ti:n tk» lpooitic B |

r@tatian ram&inad oonutant. A bulky rcaiduo, aampriaing

~ about one~third of the dry. imght of the gum, remained.

Kirohner and Tollena (190) reported 54 par aont ot a e011u~

lose rauidue, about ono-halr of which was aalublo 1n |

'Bchtoitzor'a reagent. Tho roniduo of Rantriw anﬂ cratohur'a'

had an .lemnntary onmpoaition of 6631905 (apprax.). A&aut

" 28 per cent of the rniduo was Temoved u? ama’eollnlm

by .action of aedium.hydrazidoz sluoeao uus pravoﬂ preaont

in the eolluloaio rraotion by foruntion of . alueouazons.

. ''The remaindor or tho relidue wau hyurolyzod with 78 por oont
sulfuric acid for § daya at rm tamperaturo. A black
rcaidue was lart' rrom tho aupornatant -olution were pr§~'
parod a oaloium lalt of an aldohtonic acid and a eryntallino,
an.tona—uoluble oaazono.' Eouever, nsithor was 1ﬂcnt1rieﬁ.

The hydrolyaato obtainod frem th. original haﬁr@laaia

with' anlfurio a01d was n-utmnm lith harim carbmtc, |

.the riltrate was oonoontrataa, aud tho bazium salt of an n

-aldohionio aoid waa prooipitatad on adaitien of 0thanol to

'the oonoentratad aqueoua aolntion.: Analyaoa or bath tho |

caloium and barium aalta eloaoly ocrresponﬂoﬂ to tho valuaa

for an aldobionio aoiﬁ eontaining one nalooulo or a hcxuronic



gp;d in qomhipgt;on¢witn one molecule of a pentose, However,
the methoxyl values for both selts indicated the presence of
about 72 per cent of a monomethylated aldobionic acid . .
admixoed with 28 -per. ocent of aaim{lar~unﬁathylataﬁ aclide
B@fqre anq;ya;g;{thegsglta were reprecipitated repeatedly
with methanol and ethanol; hence it seems that the selts
:aprsaentqé'g m;xture_errather-congtant ocomposition; nothing
rartha::waa»done with;thig,frgotion a1noe-a geparation of
mothylated and unmothylated-acids wgum be diffioult. 4
sample of the aldobionic acid, which was obtained by treat-
ing the calcium salt with the caloulated smount of oxeli
acid, éﬁéjgiigized with nitric acid. . However no mucic acid
was ob§§i5961§yan_afténﬁpaeﬁing the solution, and mo .. .
potassium;acid-saccharatevwag identified, -

. 411 the supernatant liguors from the precipitation of
the aldobionic salts w9re‘etaporatédvto dryness and the dry
raaidue was extracted with 95 per cent ethanol. The alcohol-
soluble ﬁgterial gave'a,negative-Sgliwanqtt»tdat,:qr ketoses.
hipheny; hyd:azine wastpaﬁd ta:,the'quantitative,precipitatibn
of arébinogg'frdm}an,aliquot; the yield of erabinose, deler-
nined thusly, was £ per cent of the dry weight of {the gum.
The banzy; phgnyl)hydrazong_wqa.preparad,and geve no depression
of the melting pointjwhehﬁmixgd'with_a known semple of
lfarghinosg~§§nzy1 phenyi hydrazone. Eq'salactoae’vaa found
in this manner and;gg'mgpio ﬁg;d could be 1dont;rie¢ after
axidgtng y;thlgxt?;qAaéiq,;'va?;oua furfural phlo:oginciﬁe



precipitates were examined to detest the preseace of aleohol-
soluble nothybtu&tural compounds, but none were found.,
" .. The free aldobionis ceidm vory miatat to hydroly-
sis:  from e solution which hed been refluxed for § hours,
only unchanged aldobionic aeid was recovered. Therefore.
the caloium salt wes refluzed for 20 hours with approximately
1K sulfuric acid; thereupon it was filtered, concemtrated,
and treated with 2-6 volumes of ethanol, and:the super-
natant was evaporated to dryma;. ~Muoh of the mzumuo

. waé' 1nscluble in the hot 95 per eent ethamol employed to
remove redusing lmrl;_‘_ The ucmlfméluhlc material
proved to be, for the most part, & caloiwm salt soluble in.
78 per cent aloohol, * This salt, upon similar represipitations,
gave enalytical values which checked olosely with the eal~
sulated values for a hexuronic acid mixture comtaining 60
per cent of a monomethylated and 40 per ceat of' an unmethyl-
ated uronioc eoid, On oxidation of the ealoium=free com- '.
pounds with nitrio aoiﬁ» (ap;g.ﬁ 1.15), no mucioc acid or
petudm“ ac m ‘saccharate ooculd be identified,

fhe mlcoholic solution, which was to have contsined -the
reducing sugars, was teated for the presence of arabinose
and xylose; however no arabmu‘qui phenyl hydrazine
cmtauiaed'out under stendard conditioms or when the
solution was diluted. Orystelline &-xylese was .fneiutod
from the oomcentrated alooholic sclution, and was identified
by its spesific rotation of £] = 18,17 It was further



. $dentified by formation of the cheracteristis. boat-shaped
‘mtall of cadmium dromide-cadmiym xylonate. The presence
of xylose in the hydrolysate offthc gun hed -been previcusly.
“tablilhod by Schulsa and Tollems (1928)., GQens end Tollens
in 1888, (193) uolatcé a pentose osazone, whioch may bave
been a derivative of xylose or arabinose. - s _

. :Eeme.sumrizmg: .‘apon-hydrolysis ‘-erlﬁum. seed gunm
with sulfurie acid, a cellulosie fraction, arabinose, xylose,
and a mixture of methylated and unmethylated aldebionie
acida of undetermined nature were obtained,

nig Ag . In:1908,
~ Hilger (194.) hydrolnod flexseed mucilege and found d-gluoocse,
d-gelaotose, -lexylon, l-arabinose, and an acid by-product
to.consist of the hydrolytie products. In 1913, Heville
(195) verified the above work of Hilger. -Abderhalden states
that this muolilage yields, in sddition to the sugers, en.
acid complex containing pentoses and hexoses. . , \

~ Anderson end Crowder (196) hydrolyzed flexseed musilage
with 4 per oent sulfurie acid for 20 hours on.e boiling.
water bath.. They neutralized with exeess calsium carbonate,
heated, filtered, concentrated im vaeyo, decolorized, and
‘ m:pitatgd_.tko, ealghm,nltwith%& porvunt-cm ‘
These crude salts were purified by the method of mm (197)
and Goebel (198): The salts were dissolved in water, 3 ..
volumes of 95 per cent ethanol were added, and the system
was hested on e boiling water bath and allowed to stand,



precipitated in alcohol., The alecholic saluticn was oon-
centrated in yaouo to-a syrup, which was not fermeated by
_yeast, though 1t.44d4 ferment on addition of glucose. ' Hence
thh'ah:enée‘or glnoohc,-nnnnoih.laaﬂ fruotose was showmn,
- The remainner ar ‘the syrup was oxidized, as » above, to the
”qnapbaa;g aoid,;ghiah,‘al~eontortci'tc the phenyl hydrazide
atgnnlting:point‘lsaz, A further sheek on the identity of the
' iuaar unit was offected when erystalline l-rhamnose hydratc
wnc 1lolatod upon hydrolysis of the aldobionie ;aeid,
-Due to oqntaminntioa_hyataloian.;altnto,>a,yﬂmt-calolnl

lf‘n;doh;bnatb.canld'nbtyhd 6htalna¢3_tiircfartftap_iuvﬁatt~

' gators prepared’ the barium salt by neutralising the hydroly-
_ sate with baryta. The seme method of purification was
qnm&gynd'aizin‘obt;in;ng tha»¢alaial salts;.'ﬁht'-zy-rxlantal
values for ash, carbon dioxide, muoio scid, and free aldehyde
~ approximated the theoretical values for an aldebionic scid
ff'o’cn'yo'a’o‘d,'org oxﬂ molecule of d-galacturonic acid united to

one of l-rhamnose, with loss of one molecule of water. The
‘aldobionic acid was oxidized; by means of berium hypoiodite,
to a divasic acid which d41d not reduce Fehling's solution,
‘but which gave & positive naphthorssoroinol test,

 ‘Hence considering all the e’xpormntﬂ evidence,

~ Anderson and Crowder deoided that the al&ab&enic acid from
flaxseed mucilasc oonsists of one nolocnla of d-gnlteturonio
anid linked tq_one_molecu;e of 1arhn-agstria‘lush manner

that one élﬂehygo“sxonp remains trtc‘apgjtho_ethordil qénbinod.



'If the aldehyde group of l-rhemnose is fres and thet of ~

' g~gélacturonic acid is combined, then the dibasic ecid formed
~ by oxidation with bariﬁm-hypeioﬂitofahauiﬂ consist of
d-galacturonio acid combined with lwrnanncﬁio acid; suchk 2
compound ‘should give a high yield of earbon 31«:1&0“'&11‘& 12
per cent hydrochloric acid, a low per cent yicla of furtural.
and a- poaitive naphthoreseroinol teat; ‘these were the. rssulta‘
obtained. anwaver, if, in the aldobionis - aeid, the aldehyao
group of the d-galecturonic acid were free, whereas the
‘Valdehyae'gréup of the 1rrhhﬁncae"ﬁn1t"iara.cembinndgrthon :
,‘Ohioiidafion the dibdsic 4oid formed would consist of mudlo

" 201d linked to l1-rhemnose,  Such an acid wauld‘givi’ho‘~~ .
*'aarbon*dioxido; it wdnld'giva’ainogativo*nnghthdréceroinel
teat, and it wnuld give a high yiold of " rnrrnral. Sunh
resulta ware not obtninsd; -and 80 tha linknse 1n tha aldo--
bionic aoid must be trom tha al&ehyaoﬁg:qu of-ths,é-galaotur-
onio acid to dﬁa"orutha'aebdndnxy'hqa?ﬂxflvsranpa of the .
1-rhamnose. .The position of the oxiééfrins'ln'thb galacturoniol
acid end rhemnose were mnot determined; hotcver, Anﬂorson

end Crowdor suggest the rollowins rornnlas

_:' H-C-H

n-C H-C -off
| o
H-C- Ho-C -
B - | 1 ?
- Mo~-C-H T - ] : Ho-C-HN
A I _ |
~ Ho-C — H~C
| |
HO-C- ¢ C=Cy



- ~Zsolation of tha_n_ggh oni
In this investigation conduoted. by Anderson anﬁ xznnman taoz).
the hemicellulose from cottonseed hulls was extracted firat
by ammonium oxalate solution and later unxifaanslﬁtqu by
sgdium hydroxide.. The heated, oleer sclution was mcidified
with dilute hydroochloric asid, and the hemicellnlose was
precipitated by‘aaditiom of an equal ioiumb'cffgﬁ'pdi.oont »
ethanol, filtered, and dried.

 The hemicellulose was heated in a boiling water bath -
for 17 hours with 8 times 1ts weight of 4.5 per cent of
sulfurio acid, ‘The barium salt of the melesy was preeipi- -
tatod and purified in the usuel mammer as alresdy desoribed.
‘The sugar-containing alooholic supernmatant liquid wes oon=.

“.aantrateﬁ down, whereupon & mass of orystals, which were
identified as l-xylose, separated out. - The wnwuzta~eg_,,vi‘
amalyses, after hydrolysis, were; insoluble X body, 19 per

cent; barium aldobionate, 10 per cent} l-xylose, 50~60 per

~ oent, , . B

The barium aldobionate, as obtained above, after being
docoloriz@d.and freed of sodium end iron lmpurities, was
fraotionated and thus yielded various lots of barium salts.

' Analysis of the laxter,uEOIBd that they contained an aldo-
bionic @cid consisting of one h@xuronic scid and one pentose
unit unitod thru losa of one mnlaaula or untcr. ,

| carorul oxidation of thc hariun alﬂshiannto with nitrie
e qnin gave no mucic aoid; thus the absence of d~-galaotose and



A-C- ou
Ho-C-# O

H;-C-qﬁ )
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~“Whether the linkage is on carbon 6 of the glucose molscule
or on one of thi other cardon atoms is as yet undetermimed,
It 4is ocertain, however, that it does not involve the terminal,
pate;xtially aldehydic carbon etom. Goebel gim the formula
‘e:‘»ftjhc ‘glucuronio aoid portion of the molecule nb"m’m. ring,
and thus cells 1%'a derivative of ¥glucose rather then of
normal © glucose. "Since, however, \gluearénlo acid, on the
loss of sarbon dioxida; yields a pentose of normal strusture,
1t sesms possible that the D oxide ring is present. This

latter vﬁw is held by several other Mnutigaters in the -
field, | ot

.Thc hexose and the uronic acids, as well as their mode

- of linkage, appear to be the same in the aldobionic acids
obtained r§m~pnmmem. types III end VIII end =
Friedlander type A specific polysacoharides; that there is
a ohemical similarity between the two substances of pmeumo~-
coceus origin is proved by the feot that the aldobicmic acids
appearing in the ecid hydrolysates of both carbohydrates are
the same. - Proof of their identity is efforded by the prepara-
tion of the orystalline heptacetyl methyl esters of the



oompounds. - These latter derivatives show identical crystal
ltxunturé,melting points, and specific ratatianﬂé_heugxur,

the acids from the pneumococei, though

identisal, differ in
their npeeiti¢~rotation and in their stab;lity¢t§qaad.§;naral
a0id hydrolysis from the oorraapénaing aoid trqm Fr;ialaader
bacillus type 4. . These differences in the sugar acids my
 be attributed to variations in the position of the linkage -
between the glucose end glucuronic acid. Probably the .
oannauting:bend;1n-oaeh,ald9&ionie;aeid;lasa on a differeant
oarbon atom of -the glucose molecule. Bnnédqit loaan especial-
1y significant that tjn;qugﬁf éeida uhioh‘dirter'anly-in their
ipioialldonrigﬁratién,h@ic besen isolated from the capsular -
nntorialAdr.two,totallyﬁunrqiatad.nuﬂumrﬁnnymniﬂna.
| .In the case of type A Friedlander speoifis soluble
anhnﬁdnoe, the hydrqutio products apppazftoEb.‘pgnpaasd
of 3 fraotiona: an aldobionic acid, glucose, and a second
dissocheride acid, which has not been studied yet. These .
ﬁhxo@-oompounda are found in the ratio of 1:1:1., Hemce if
one considers, as Gosbel sugggatg,vthat the pel!lﬂéﬂhﬂiidt
is built up of 3 radicals, one of which is the glucose-
g&lusuronio aoid; anothex-a naw1§1saoehargde'aoid, and the
third glucose itself, then on this basis the empirioal
formula for the polysacoharide would be (CzoHy40ze)xe
. The Aldobionio Acld from Gum Arebio.-. axlthr-an.d |

Gritohgr[(las)‘gontlylrorln:nd;an authantxc'iariety,bt aim
arabic with 2 per cent sulfuric acid for a-period of 20
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hours before hyarolrnin was oon:iﬂorod eouplotc. Com~

‘Pletion of hydrolysis was noted by the oonntancy in the

spooitic rotation value, !iutrglixation was effected with
caloium carbonate, the solution was filtered, treated with
carbon, evaporated to a -yrap; annﬁthdn fraotionally pre- - -

"oipitated. Final puritication was crruotod by proeipi—

tation in 10 volumes of methyl alcohol. The calcium portion o

' of the salt was quantitatively removed by meens of axalze‘

acid, and the uolution was Ovaporatoa down to givb a,ihitc
powder, which was a mixture of laotona and' free toi&.;~i§
determine the 1dont1ty cr‘thi'nnsar constituent of thoirﬁ"
aldobionio acid, they hyaralyaod the latter with & por oent
sulfuric acid. The suger had e :specifie rotation erodp-ﬂ?o
which 1s the rotation of 4-galastose; furthermore, the sugar

'rdrnnd muoic acid upeh-dxl‘ifioa;‘ !ho prcw‘nea of l-rhem-

nose was shown by tho tarnntion of a bright yollnm para
bromo phenylosazone. Durixs“tha proo-usAaf hydrolysis the

uronic acid was uhlttcrod; henoce tho soidie nnnloua was -too

small in anount ‘to be identified oarnrully ‘Simmlteneous

oxidation and hydrolysis ef the mob;qnic 2014 wes effeoted
by boiling with hydrobromis aola 1n'§ro§ohoo of bromine.

By this procedure, the formation of a#odhﬂrio au1a5waa proved
by the isolation of potassium aoid saccharate. Hence the |
aldobionioc aoid waa proved to be gnlnotono—glucuronic acid,
which is isomeric with thn aldobionio aaidl 1solated by

K;idolborgcr,anﬂ§900bql from the polysaceharides formed by




pneumococel types II and III and from Friedlander's bacillus
type A, o . ‘n . , .*  7,.

In order to study the oonfiguration of tnin4ildcbidnzc
acid further, it was oxidized by thg_nnthnﬂgor Géobci,.by
employing barium hypoiodite, te thﬁ"ﬂibaaié aaiﬂ,‘ioﬁabuuurono-
galactonic acid, which was 1aolntea and analyzed al tho e8l-
¢ium salt, On boiling with 12 per aant hydrauhlerlc acid, one
mol of the acid liberated one mol ur‘oqrbon‘diaxiﬁo. and the
salt gave a strong naphthoresoreinol tépt. thus ;qﬂio@ting
the presence of a uronic acid unit, However it did not
reduse Fehling's solution, and ihuaAina;pgtoa thai»na rxgo
aldehyde group was present. Hence it ﬁaa‘npparant that the
uronic ‘acid residue was inteot 1n thn oxidizad state and
- that the linkage between the two ruuzﬁuta in thd aldobianie :

- aoid was botwcon the aldehyde of tho slncuronia aaid ana a
| hydroxyl group of the galactose. However 1tvgna:aotAdotor-
mined as to which of the galactose hydx@l groups entered
into the glusosidic linkege. Henoe Butler end Creteher
gave the aldobionio acid the :qllqping'atxgafuzox-

"
I | (
H-C-oN _ -H
| o |
Ho.C -H  H~C-on
] B
Q-C—% H-C—-oH
| [
~-C.~oM - HOe .. -H
l o |
c= .. -
~on =0



66

Heidelberger, Goebel, andlﬂxary'(13435‘&né-3§£§01h§rg€r
and Kendell (186), have obtained the aldobionio acid from
gum arablo in orystelline form thru its cinchonidine salt.
As a result of improved methods of separation and probdably
thru infeotion of the labdratdry‘with'crystaldg the latter
two 1nveatigatora obtained the orystalline aldobionie ecid
without resourse to the cinchonidine salt, They preparoa :
the free aldobionic acid from specific gum arabic in. the
manner of Butlhr'and Cretoher; however, an exﬁruordinary-

fact 1s that they rorluxed the gum arabio with 8 11tara of

He aulfurio acid for only 2 hour:, proparatory to propara—

tion of the barium aalt. They apparantly obtained the same
crystalline acid as the latter two msn, since it poaaosaed
propertiea indioating it to be eampoaod or gluauranio aoid
and galactose linked thru the potential azaenyae group of
the gluouronio acid. However this cryatallina struoture
showed no tanﬂenoy to lactonize, uheraaa Butlor'a ana
Cretqyar's’did. This enomely was due, parhaps,.to'thg -
presence in the whole gum of a laotone-forming aéid.lh;qh
was removed, together with the arabinose, when the apecifio

gum was formed by partial hyﬂrolyaia in the cold. ,Tkua‘

‘there are indications that the iiaéhiaaio’aéi& or”Butl6r's\

and Cretcher's contained oonsiderable emounts of a sesond
acid, probably also aldobionic in nature.

The crystalline aldobionie aoid uhowod mnrkad muta- |
rotation in aqueous aolutxan, the initial apeoiric rotation




T

was <], w +12 and the equilibrium rotation was <), z - 8.5; »
most of the ohange oooured during the first hour. ' Hence
the oryatala were thought to be of theod form. No wmmo
was found ag to the point of linkage of the 5a1antole and
glucuronic acid in the uldebionie;aaia unit; however
Heidelberger, Avery and Goebel elimimated all but sarbons
number 3 emd 6 for the disascharide linking, Hence their
provisionel formmla for the erystalline amdah&oulcfgeid wes
writton~£nmhn

N N _of. N . M oH
\? < o ‘Cw_\' e —
M ] } o
.:'?-." N -c'f., - . H "C"‘” ) o ":-C' fo"
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They proved the above struoctures thru the following experi-
mental evidence: | s | RS
1. Titratiom of acid end analysis of einchonidine
salt showed the presence of one free serboxyl muj’
~ per molwula. . :
2. DPresence of one radnoing group with propmau of
~an aldehyde. . A .

e Hydrelyasis of the alﬁebianm aoid was very 810w,
Hence the sugar was not present in the .1 lsotal,
or {1, 4> oxide form. ‘

4. Ilolatﬁ.on of galnotcmn in eryutall.&m fom, and

oxidation to mucic acid proved the presense of




Se

7.

8.

salaetose; Formation of erystalline oinchonidine
gluouronate, glucuronio acid, saccharic asecid, and
the para brome phenylosazone proved the presence

of gluouronic acid. ”i . , : | .
Formation of a orystalline cqlainm.#alt of & di~
carboxybionic asid which gave a positive maphtho~
resorcinol test, by oxidation of the orystalline
aldobionic &cid. On hydrolysis of the celoium salt,
orystallin; ocadmium galsctonate, oxidizable to
mucic acid and glucuronic néia;.thidh’waa identified
thru its para bromo phenyl-osazone, were obtained,
These results prove that the galactose unit hes

the free aldehyde and that gluouronic acid is the
portion of the aldobionic a0id in gluoosidic union.,
Since mutarotation repidly lowers in the weter
solution, hence the orystalline acid il.Lsinnuruno-
galactose, ,

sxnoi the cryntallino:acid reduces Fehling's
solution, the linkage dces not 1nyelvo oarbon number
1l of the galactose.

The free acid forms osazones, Hence carbon number
2 18 eliminated as a point of linkage,

Carbon number 4 is free sinoe on oxidation, the
dicarboxy acid forms. a lactone stable enuf for -
titration. Henee the earboxyl group formed by -

oxidetion of the galaotose unit yields a<l, 4)>
lactone,. -
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-9, Carbon number 5 is free, since the methyl glueo~
sides formed at 25 end 100 are both hydrolyzed by
acid at the same rate, which is far too slowly
for ¥ glucosides, ‘Therefore the glucosides appear

.+ to contain the<1, 5 )exide ring. That they repre-
sent the<andf forms is indicated by the great
difference in their molecular rotation, which is
about 30,000, |

10. Hence, taking all the above experimental evidence
into consideration, the orystalline éldebionio acid
isel or (5’ gluourono 3 (or 6)« galactose.

The experimental results of Chnllinor, Haworth and Hirst

(186) support the view that the aldobionio acid from gwn

arabic is struoturally similer to the linkage in gentio~
biouronic acid, where the disaccharide linkage is to the
sixth carbon atom of the hexose from the aldehyde group of
the uronic acid. Methylation of the aldobionie acid gave
rise to a completely moﬁhylatad compound of !mah-*bho(é’,rorm
was orystalline, -but‘tho'cl.-ﬁ mixture of which distilled as

a colorless syrup. This compound, the methyl ester of
hexamethyl glucuronosido methyl galactoside, hydrolyzed. with
about the same velooity as a mnthylatedubiono end yielded two
oleavage fragments which were recognized as a tri-methyl
galactose and a tri-methyl glucuronic acid. The former gave
rise, on further methylation, to a high yield of 2:3:4:6
totramothylf methyl galactoside which was established by



its melting point and comparison with a substance kmown %o
be the pure oompaunﬂ.‘ It ylelded on oxidation a lactone
which underwent hydration at the seme rate as 2:3:4:6
tetramethyl o) galactoso-lactone and also formed a erystalline
hydrazide. On oxidation with nitric seid, the tri-methyl
galaotose gave tri-methyl mucioc asoia, of which the dimethyl
ester wes orystalline. The latter result gave conolusive
evidence orf thc presense of a rr.a_cngon sfdap in the tri-
nnthyl galaoto-o. The oriontition of three nﬁth&i sioupi
in tha sugar oould be roprolontod only by the 835:& or 21315
politiona; the latter p@nnibility seems to be axnlnﬂuﬂ by
all a*videnoo ot thm)lwtone thaugh wnﬂmtmn ar thu
vicv mst be aought by other means. |
What is definitely decided is that the sixth Oarm of
the galaotose residue 1n‘joined. in the biose typa‘linkngc, }
with the reducing group of the gluouronioc acid residue. . | E}
The tri-methyl glucuronie ac1d was oonverted into a 1
oharacteristie cryatallino‘doriintivt.'raobghiﬁn& as 8.$'¢f
tri-methyl IJ nethyl gluaurofnido, ‘which is a non-reduoing
methyl gluooaiﬁlo form of mnthylatod glnauronio uciﬁ. For
aomparinon, a compound vas prcparod dtreotly from glucuronic
acid and tho two ocmponndl wore ahown to be 1dontica1; ﬁhc '
proportioa were thome tar nathyl sluco-pyranumi&o. iharo-
fore the ring ntruoturo of tho tri-nathyl slueuronic aoia
was ahown to bo of pyranono ronm and tho mnthyl sroupa worn
shown to be prosont only at poaitiona 8:5-4. Henoce thn
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'omloto uparation ot e uxturo of almxy muhl Ooupoma.
none of ‘whioh is cryntaum, is oxomm uzrmu, ir
| not cntircly upouiblo; thcror-u it was decided to employ
‘Heidelberger's method in the hopes of preparing a erystall-
‘mu. cinohonidine salt 6: the aoid pi‘odaetn; The plan

tu to attmpt to proptro a orrttautnt ginchonidine nlt

of dorinito composition hy rcpntd mryltaumtim of the
" product. If such an alknloxd salt were obtained, them 1t
:Uould be pouiblo to obtain in puro ron and wdbly mn
u cry-talline rom, tho pure aom, its mma and ocaleium
ults » 8nd varioun othor derivatives,

Hoidolhorscr and Mall. in thﬂ umum ‘of the

1 o Aldchionio acid from gua arabie, mmm the ‘specific
gum for 2 hourl; thoy ohtnm a rhld of appmtnntuy 27
per cent aldobionic acid, ulouhtd apcn the huis of the
original gum., However, mu. I muum that tko optimum
time for hydrolysis or.ioiquito' gun with & per ocent sulfwrie -
uﬁl at 97 was in tho'noinhborheol}or‘ 10 heu:;'n

Bours of nydrolyth o/o Cinohonidine Salt on Basis
: of the Originel Amcunt of Gum

25 . L Be9
U -
. o 10 o4
| 5 - 3.2

This period of hydrolylu savo tho nxlm ncm of tho
orystalline alkaloid salt, Whomn 5 honrn or hydrolyaiu,
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d41d not liberate the acids of low moleoular weight, 26-
hours destroyed a large amount of the freshly-liberated
~uronic acid, amd in both cases low yields were obtained.

‘At this early stage of the investigation the larger yield
seemed desirable.

A typical separation was oarried out in the rbllowing
manner: A 500 gram lot of mesquite gum was hydrolyzed
under the above conditions; the hydrolysate was neutralized
with barium oarbonate and baryta, filtered, and consentrated
in vaocuo to 50 per cent solids, Two 7olumaa of 95 per ntax
ethanol were added and the solution was triturated on a
boiling water bath; the aloohol-soluble sugars were decanted
and thq remainiqg syrup was diluted to 50 pnr-cgnt solids
and extracted again with 2 volumes of 95 per cent ethanol.
Thereupon the residual ayrup wes diluted to 500 es. volume,
and the ash oontent was determined in an aliquot.  The cel~
oulated amount of sulfuric acid was added in order to: remove
the barium quantitatively and thus praduoq_a solution eon~-
taining the free sugar acids. The orude oinchonidine salts
were prepared from this solution'byxw&dingféinbhnnidinok.
(d18s0lved in hot ethenol) in the emount of 1.5 mols of
cinchonidine to 1 mol of barium found b§ ;nalysia. It weas
found by experiment that the adaition of :thia amount of
oinohonidine yielded the best results; however, even after
its aﬂdition, the aolution remained acid to litmus, ﬂho

solution was oconcentrated 1n yvacuo to small volume or until




orystallization atartcd.r This first orystallization took
plage readily but always yielded a medium dark brown erystall-
ine product together with dark ocherry material, Upom further
ooneentration of the mother liguor, a second orop of erystals
slowly separated, That there was a considerable emount of
sinchonidine salt of uroanic end aldodionic woids left in
the filtrate after the riunval of the second orop was shown
by converting these unory:tal;isthlo’ctaohohidsn._hulti-:
beok to barium selts and precipitating them with ethanol,
Ash determinations showed thet these salts oontained i the
neighborhood of 19,90 per oent barium, weighed as berium
carbonate; wherees the th&orotio&l‘pcroontneta'rdr the
correnponding salts of the uronie un( alacbzonxe ecid tro
24.92 and 15,77, respectively. | .

‘The orude cinchonidine salts were d1ssolved in 20
times their weight of boilins wntcr to give l caxkueuaor!i
solution, whioh, upon rtpottod trontmont with &nroo, booaa'
sl1ghtly yellow, The resulting olarified solutien was son-
centrated in vacuo until orystellization sterted; after this
first erop was removed, llidondorép was obtained By oon- M.,. 
o‘ntratihg‘fhi aoiutidn ftithdr, A‘thlrd ernp was obtained
upon rurthor oonoontration of tho nnthcr 11qpor rnon the «
seoond orop, Thtso threo orops Ilr' a&ﬁoﬁ tog.thor, éinaolvtd

in 20 times their wtight or boilxng water, iooolexizoa.

»oryltallizod in tho 'ann way. Thus artor tanr raoryatnll—

izations, 30 5:::: of yorroetly lhito oinnhonidinﬁ salt v.ro ir




- ebtained from 60 grams of @@l oinchonidine salt., This
fraotion of white orystalline inlta'm~lubolm B39 in the
ressarch notes, and for convenience will be s0 designated
m this peper,

After all the orystallizable cinshonidine salt was .~
removed from the mother liguor resulting from the abmc S
freotional crystallization, the rnmaining syrup was diluted

, and the cinohonidine was prwt.pita‘wa quentitatively with

baryta. It is significant to nots at thiz point thet prac-
tically all the mother liguor consisting of umorystellizadble
cinchonidine salt was obtained during the first reorystell-
ization; all subsequent rmryntaluntionu were 8o somplete
that olmost a negligible amount of mother liquor wes obtainmed

from eeck., Upon treatment with sharcoal and somcentration
in vacuo, the syrup was poured into alechol with constant
stirring; a yield of 6 grams of granular barium salt, B4O,-
was obtainod and analyzed.

The analytiocal results for e.tnohanidim salt B3ES and
barium salt B40 are gilven in the following tables .

. Table II
. : Moleocular Weight . | . - - ©
Carbon Dioxide by Baryta Titration|Ash as Be
*1| +2| | 1| & | 1] o=

Found Theory |Theory Found | Theory |Theory | Found | Theory | Theory
7.83| 8.76 | 6.62 | 501.3|502419 |664.19|0.000{0,000 0,000

m 7473 511,
: - ‘51.1‘1
B40 10.67|15.96 (10.20 | | | 20,58 24492 [15.77
' 10.77 ‘ ' 20,65




*meory’ indicates the thecretisal value for the oinchoni-
dine selt of a methylated uroniec acid.
*Theory” indicates the theoretical value for einshonidine
selt of an aldobionic aoid. _
The yield of carbon dioxide by oinchonidine salt B39 indicates
that the compound is a mixture of approximately equal parts
of the salt of the uronic acid and aldobionic asid, The
einchonidine salt ocan be titrated with a base to a very
sharp end point using phenolphthalein as indioator; the -
molecular weight as determined by titration with beryta is
surprisingly close to the 6aloﬁ1atod value for em alkaloid
salt of a methylated hexuroniec acid.

The carbon dioxide value for barium salt B40 corresponds
rather oloaeiy to the theoretiscal value for the salt of am
aldobionic acid, The value for the ash does not cheok the
result from the sarbon diaxidq doto:ninatiqh in that it ie
too high for the theoretioal value for an aldebionis acid
salt, However, values for the ash determination are |
frequently high and aro.hot 80 reliable as @hﬁidotornj-.“
nation of the carbon dicxide evolved. S

From the above discussion it is té §§ npféa'fhnt-thﬁ
essential separation of the dilorito rraéticaa was irroetdd
in the primnry rooryatalltzation of the einehonidino nalt;
further rooryatnllixationn were er 11tt1o valno 1n loparating
anything from the main pr@duct. o . o

A different method of rraotiondl”oryitaliiiatiéa was




employed in the isolation of oinchonidine salt B29; upon

the first reorystallization of the orude cinchonidine salt,

the three various crops were not oombined; each weas re~

erystallized separately and{sneoona;voly, and the mother

liquor from each was added, each time, to crops of lower.

purity.

- insoluble frection, was obtained.

fraction of highest purity.

After 5§ reorystallizations frastion B29, the most
It should have been the
Frastion B32 raﬁrouahteﬂ the

last white erystalline fraction that could be removed from

- the mother liquor; therefore it should have contained the

“most soluble fraction if the prooess hhd-orroeted any

appreciable separation.

Unfortunately tho.anaiaguo-to barium
salt B40 was not prepared in thin.cdlo.v_~

Table IIXI
Moleoular Weight
COp by Baryta Titration Meth
T ) 1 )
Found [Theory |Theory|Found Theery Thcory Found | Theory | Theory
B29|8.01 [8.76 [6.62 [502 [502.10 [664.19|5.63 |6.17 |4.67
8.06 506 5,67 4
B32|8.17 [8.76 [6.62 |496 [502.19 [664.19|4.72 (6,17 |4.67
8.47 ' - 1474 N

It is seen from tahlo IIX that the loant solublo

traotion, B29, and the mnlt uolubla rraotion, BS&, are
nearly alike in oompoaition.}

In oarbon diuxido yield thoy

are approzimately the same in that they are alightly lo'or

in uronic acid oontant than tho thoorotioal valuo of &




}linnhonidino salt of a nnthylntod uronio acid, The lclaeulaf
weights round by titratiom with baryta confirm thtlt results,
However the 2 salts differ somewhat in methoxyl content: The
result for barium salt B32 1s somewhat lovw in danpnriani.té
the theoretical methoxy comtenmt for the oinohomidine. salt of
a lbthylu%od hexuronic asid; however this result. may. be.
'attrihutod to the fact that B32 is net nelplottly lbthylatod.
Oon tho other hand, salt B29 chockl rnthor clolcay the theo-
retical valno for the nlkaloid salt er a methylated uronic
acid, An 1nportant faot 10 that tho dittoronoo in loparntion
of tho 2 salts 414 not atruot thoir proporti.s phcaannnnlly.

ly indcpenﬂont of B29, has values for curbon dluxiic yield
and acid equivalent whioh eheok the corro-ponninc values
for B29 remarkably well, Thersfore the 2 differemt methods -
of fractionel orystullizatien cnployod In thc isolation af }
' -altc B29 and Bsc, rcupoctivcly. yicldaa preeectl alnost

idonticnl in composition. |

Sanploa of tho very best oinnhoniﬁino naltl werse trann-'
formed into barium salts, The alkaloid salts. wers 4issolved

~im ubcut S0 times their woisht of boiling wuttr and !.ro
‘titratod to a nharp cnd point vith hariul hydrnui&o, unins
phcnolphthalein 1nd1cator. Th-roapon the rroo einnhnnidinQ
was filtered orf, and tho clcar nolution of the bnriwn talt
was evaporated ;g_!gggg to a lyrup. ‘Botvvcr. on- ropouted

osoasions with dittoront lnt-, no cry-tallinatxel was

2
y
L—;

It is noted that B30 which was obtained tron a source entire-
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effected by placing the ayrup in the refrigerator for

long periods of time. ‘Therefore the only rioourlo.uns to . .
concentrate the syrup sufficieatly so that precipitation

of the barium salt could be effected by gently pouring

the syrup, with constant stirring, into 95 per eent ethanol,
Thereupon a white granular precipitate, the barium salt,

was filtered off, dried, and amalyzed. 1In suoh manner,
barium salt B43 was obtained direotly from oinchonidine

salt B39, From the genetio relationship between salts

B39 and B43 it is reasonable to predict that both salts

are derivatives of the same acid. The experimental ro-nlts,'

on both oarbon dioxide @nd ash verify this postulation in
that B43 approaohes, rather olesely, the saloulated values
for the barium salt of a methoxy uronie aocid. -,

If a larger quantity of B43 had been obtained, it‘
probably would have been possidle to isolate, by fractioml
precipitation, a fraction whish would agree more olosely
with the theoretical values for the barium salt of & methyl-
ated uronic soid. However, evea at best, this salt eould
not be any horo than‘a olose nppréxinntibn to the theoreti-
eal values because of the faot that fractiomal precipitation
does not effeot a complete separation of the components «

e mixture.

Some barium salts obtained from purified einchonidine

salts were subjeoted to barium hypoiodite oxidation by the

method of Goebel (198), By such a process it was hoped

L



that a methylated dibasic acid could be obtained. Several
divasic ecids, which .gave no carbon dioxide upon treatment
with 12 per cent hydrochloric acid, were isolated; the -
roduoihg powers were almost zero, but tho tsh‘dotéxﬁinatiqng
ind1cated that the aoids were imtermediate between the theo=
rqtidal v@lu@a_fof h'mnthylntoa'aaéohgrio ac1d énﬁ?:q# a

methylated dionrbbxyhionio‘aq;d. 
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