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IHTRODUCTION

THE _OGGU AR

A UF UROHIG AGIDH X4 HATURE

Ag ecoustituents of polyuronides, ﬁ?&ﬁiﬁ aeids have a frequent nnd
wide voourrense in weture, luch of the earbmhyﬁrate m&%@riHL in plende,
which includes nll pectic materiale and plant gums, many plant mucilages,
hemicellulvees and gel=forming eubstances and some mierobial polysaccharides,
belong to the group. Uronic acld residues have bheen shown to exiet in the
animal body where they wmay be Liﬁk@é elther to complex polysascharides or
to proteins,

The uronic nedds are reducing sugéw aclde forwmed by the oxidation of
the terminal carbinol graup_(@ atom 6} of the sugsar, a process vwhich
apparently eésura readily in both plants and animals, Although a large
number of uronis aclds are theoretically possible, only three have been
found to ocour naturally, these being d-galasturonic, d =glucuronic and

d =mannaronis aeids.

e

The pectic substances sre a group of polyuronides which occoursin
practically sll plant materinls, especially in young tissues and fruits,

ALl the pectins so far deolated give, on hydrolysis, in various
proportions, 1 -aprabinvee, d-palactose, degalacturonic ncid aud mebhyl

i
nleoohol,
s . o 3 ?.%pé‘pSgé’ o B )

The econstitution of the peetic acid fraction of peetin hag

been investignted by many workers who goncluded that the acid was of high

molecular weight and consisted exciusively of d-galasturonic acid,



PLANE GUUS.,

As a broad generalization, those substances deseribed as gums
msuaiiy seeur as exudations on the bhark of trses, or ou fruils, parbtienlerly
af ter wounding.

Plant gume always contain either d-gelesturonic o deglucuronic
acid and generally at least two of the following sugars: d -galasbose,
1 ~arabinose, L-rhammose, d-mannose and d -xylose,

Investigations inbo plant guw polyuronldea have rovealed the presence

.
p 8

of glucurcnic ecid as a consbituent of gum arabic,! %9 mesquite gum, "

11,12 13,14

damson gum " and cherry gum, Galagturonie acid has bsen fouwd in

gum %r&gaaanﬁh.lg

fusilages are secreted by the halrs of many plants, bt way be
obbtaluned la any quantity only from certain sesds, such as those of wmustard,

16

flax, iinseed, quince, ebte. The structure of polyuronide mucilages ? Ying
boen leas %har@mgh&y studied than that of plent pums, but in those
investipeted, the same yeneral group of sugers have been found together
with degalesturenic aelid, Both d-glueuronie end degolasturonic acids
have been repovted to be present in mstard seadtl and oress seed
mmeilmga%lg.

A vecent investigation into the consbitubion of the umieueal
muoilege, slippery elm, which ie found in the luner bark of the tree,

. [+
revenled the presence of gelactose, rhamnose and d-galagburonic &ﬁidolg

GEL=FPORMITG SUBYTAHNCES .

From various slgee, and in particular from werine algae, macilaginous

or gel-forming carbohydrates, sometimes of polyuronide neture, may be

2e
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extracted. These polyuronides have unusual {entures which clenrly
distiﬁguiah them from the seed micilages and plant gums,

Two kinds of mueilaginous solution may be extrameted from warine
algae, fuceidin or fucosan sud slgin or alginle meld, The {ormer
consists solely of saleium sulphete and fucose whilst the latter is built

up of chains of d-manmironic acid?® units joined by 1:4,6~linkage@.16

POLYJ RONLDI HEIMTCHLIULOCES,

Polyvronide hemicalluloses, which seen to ocour im two distinct
configurationsl groups, are cell-wall pé&ysaachari&as which may be
extraoted from plaat tissues, Hany are known to consist of d-glucuronie
meid, combined with dexylose, lwarébiﬂaﬁe,‘or both and to contain wno
hexosa, A few hemicelluloses have been reported to contain d-galecturonic
seid, d=glucose, d-mannose or de-galuctose.

Polyuronide hemlcelluloses extracted frow hardwoods are usually
ecomposed of mono~methoxy glucuronic acid combined with a series of
molecules of d -xyloae.21 The osourrence of d=glucuronic neid has also

22 gotton

been reported iwn the hemicelluloses extracted from malize wobs,
seod hulls,23 hop flower24 and phormium.25

A recent examination on the hemicellulose from Iseland moss was
garried out by Granichstadbten and P@roival.gé Hethylation and hydrolysis
yiolded a wixture of sugar derivatives containing mainly glucose and esmall
amounts of galactose and manunose and glucuronis acid.

in a study of hemlcelluloses extracted from non-lignified sources

sugh a8 Leaves, pods and certain grasses,Buston found them t0 contain

d ~gelacturonic acid combined with gelactose and arabinose,? |



MIGROBIAL POLY SAGOHARIDES.

s R S

Under this hoading wuﬂé be grouped a large number of bacterial
and fungal carbohydrates of very different composiliion snd funchtlon,
Combined with protein, these polyssecharides are responsible for the
immund zing povers of wany bacteris, and the sbtructure of the polysaccharide
determines the exaet or specific fmminological response %o %hééa spgenloms,
An interssting feature of these substenses is thet wany conbtaln uronie
seid groups in the form of ecidic polyuronides,

The polysaceharides produged from susrose by sush nitrogen-fixing
orgenioms as Phizobive radisicolum (slover stroin) and Azé%ﬁﬁ%@?
shroseossum contaln glusuronic m&iﬁ.QB,gg Both probably belong to the
same class as the specific polysascsharides of pasumocccous Types LI aund
Tl

The charecteristics of the polyseccherldes of pueumococous Types
¥ = XXAIT have been studied in some detesil,3” mire of thes being 7ound

to contain uronle aeid residues, Hydrolyels of Type I pslymaaa%arié@Bl

hag yevealsd the presesuce of gealaciuronic acld and en amias sugar

32

derlvative. Types ILY and VIIT yield glusuronle asld,

MICOPOLY SAGOHARIDES .

The high polymers,of vhich unimal body ﬁia@u@e and fLuida‘aré
formed are all products of cellular origin,and it is therelors nol
surprising thet thess substunces sre clovsly relsted %o those found
among the consiituent prefoplasm of plants and aicro-srganisms,
ﬁﬁaa%yg3 glaasifies these compounds as mucopolysaccharides; some of

which contain uroanic acid residuss, musoproteins end musoliplde.



TYPL . OF MUCOPOLYJACCHARIDY |

L. CGontaining hexosamine and hexuronlc asid,

(a)

(b)

Sulphate free,

(1) Hyaluronic acid§4 (from vitreous
humoy, umbilical cord, synovial fluid;
ovarian tumor, Group “AY hemolytie
streptovocous and skin.)

(2) Type I pneumocosous specific

p@lysaacharide31

Sulphete containing.

(1) Haparinzg (natural blood.
anticoagulant occuring in liver, heart
and muscle),

(2) Chondroitin sulphate?é (ma jor
constituent of cartilaginous

tissue).

(3) ¥umcoitin aulphaﬁ636 from gastric
muein, funis muoin, vitreous humor,
goruea, serum mucoid and ovomucoid.)
(4) Hyaluronic acid sulphate,(from

the corues. )

5,

FIED PRODUCTS OF
ACID HYDROLYSIS OF
CARBOHYD RATH_PORTION,

N=agetyl=d =glucosanine
hexuronic geid

(probebly d=gluguronic
agid.)

acetic acid

hexosamine

d=galacturonic acid

5uLphuria aeid

d =glucuronic acid

d =glucosamine (unacetylated)
gulphuric neid

‘d = glusuronic acid
lviaé@%ylwehrondrcsamine
sulphuric acid

hexuronic acid

N =gcetyl= d =glucosamine
sulphuric acid

hexuronic acid

d=acetyl-hexosamine



TABLE I (Contde)

2. Gontaining hexuroule acld but no hexosamine,

(a) Type II prieumococtus specifig d=glusose
polysacoharidedd - I ~rhamnose

d=glucuronic neid

{b) Type ITI prneumotcoeus spesific d=glucose
psly&arwkearié%?'g d-glucuyronic acid
{e¢) Type VIII pneumososcpus spesific d=glutnsae

15 , .
polysaccherides” d-gluguronic asld




METHOD S FOR DETERUTHING THE STRUGRIRE 0F POLYURDIINE HulkC

In §rd@r to deterwine the structure, the polyuronide must {irst be
isolated and purified, It muet be hydrolysed; the sugars, uronic acid
and osther groups prosent must be ldentified, snd thelr relubive positions
and types of the glyecosidlie linkapges uw well ns the tyé@@ of laetol ping
wust be detersined. The leungth of the pglycosidic chain, @?‘uf the
branshes, and the approsdimate slze of the smoloculs must be estublished,
Yhen pocsible A=pay pletures of the material are made,

The nelds most of ten used in hydrolysing polyuronides ere sulphurie,
hydrochlorie snd oxalis, but sowebimes ensymetic hydrolysls hes been found
proferable, It has been shown that the ease und exient of hydrolysis nay
be iafliuvenced by the type of glycosidle linkage.

Fractionnl hydrolysie ds of ben used to advanbage, In this wmethod
the cugnrs are Hﬁiiﬁ.gff in susecessive stapes by subjleeting the miterinl
to suggessively wore severe conditione of hydeolysls and seperuting the
fission products of each step. Sugh n mebhod indicntes the relative
positions of the sugar units in the moléecule, It also ylelds an
aldotrionic oy aldobisnls seld frowm which can be obinined deteiled
inforwation concerning these swall units,

After the polyuronide has been partlally hydrolysed by the mineral
nedld, the unhydrolysed portion of the molecule whieh conteing the uromie
meid, and the free sugars are separated from each other. The method usned
in this provess varies with the polyuronide, the degres of hydrolysie and
the catalysing acid, “hen hydrolyels hng been prolouged nnd the uronic
acld is present largely ns an aldoblonic wneid, the solution is neutraliced

and filtered. - After concentration under reduced pressure, the sall of



the aldobionic agid ies precipiiated by a&ditimn of mlooholllsll,12 and
separated from the alooholic eslution of the sugars.

The wost valunble meune of determining the structure of o
polyuronide is by a study of tho products obtained by hydrolysis of the
gompletely wothylatad meterial, us developed by U.N, Haworth and

6,16 The fact that the variously methyleted wonossscharides

associntes,
may be separated quantitetively mukes fory thelr easy charsgterdsation,
Thely relative mpiounte In the hydrolysate will lndicate the extent of
branching of the chaln both on the basle of the number of end groups and

of branching groups.

&

This method of wethylation followed by hydrolysis way lend to the
formation of uronle nelde in which one or wore of the hydroxyl groups
are substituted by webhoxyl groups, By converslon to a crystalline
derivative, these compounds have been identified,

From the methylation and hydrolyeis of certein polyuronides
econtaining glucuronins acld, 2:3«dimethyl=d -glusuronoceids methyl ester
has been isolated,  ‘ubsequent hydrolysis to 2:3-dimethyl-d =glucuronic
peid followsed by browmine oxidaition yielded 2:3-dimethyl-d=gluco=ssocharie
audd which was identifled as the crystalline dinnide,’* 2 e?Y

any invesiigation of polyuronides by this method of methylation
and oxidetion would not be sompleto withoud knowing the charagteristics
of ﬁha_crygtail@nw diamlde of fully methylated sacchearic aeld i,e. the
diamide of 2:3:4=trimethyl=-d-glucosnccharic acid,

The present luvestipgntion is an attempt to syantheslse and
characterise this compound,

By this method of examiwation of polyuronides a mixture of diemides

of gludsﬁaech&ric acid would be obtanined. These vould be separated by



frastionnl cryetellization and the proportions obtained would indicate
the mode of linkage ol the glucuronic seid in the polyuronide. Az the
corresponding dismides of mucle and mannosaccharic acids wre knowan, the

method of methyletion and oxidetion could be used as a general procedure.
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THE CONSTITUTION OF CHARACTERISTIC POLYUROMUIDES

During the last desade, the method of wmethylation and hydrolysie
hn e been used almost invariably for the critical exaswluntion into the
structures of polyuronides. Yith the exception of perhaps, pectiec acld
and pum nrable, the complete pleture of these wolesules is far from
clear, but the hydrolysis products obtuined gives some idea ns to their
complexity,

Peetic ﬁcidg”4’5’6 ylelded the methyl ester of 2:3 - dimethyl
methyl-d=galecturonoside. This result, taken in conjunction with the
extraopdinarily high stebility of pectic neld to aecidic reapgents and ite
high positive retﬁticn, indigates that in the peetic mneld wolesule there
is presont o serles of pyranose < egulacturonic acld residuss wmutually
Linked through positions L and 4,

By an mnalgous proof, degraded alpginic acid wase shown to cqn@ist
of o wseries of pyranose G -manauronic acid units cowbined through positions
L and 4,16020,31

The structure of guwm arabic ie very complex. Vartiel hydrolyeis
ylelded L-arabinose, L-rhamnoss, a disscchapride which wae proved to be
J=galactosides-l-nrabinose, and a resistant nucleus or core, degraded
arablic sold, Further hydrolysis of the deppraded polysaccharide resulted
in the isolation of nn sldobionic seid, which proved to be G-d=-glucuronocido=
dﬂgalaatosena

From a study of the products of hydrolyeis of methylated arablic acid,
?mi%h9 was able to draw conclusions as to the positions of the arabinoce,
rhamnose and galectose units. He shovwed that the sugars are linked

through positions L and 3 and 1 and 6,but the isolation of 2:3-dimethyl



1la,

ALDOBIONIC ACIDS.

b=d-glycuronosido-d-galactose,

Occurs in gum arabic.

2=d=galacturonido~L-rhamnose,

OQccurs in slippery elm mucilage,
flax geed mucilage,

A =d=glyeuronogido=
2=d-mannose,

Oceurs in damson gum,
thercy gum.

CH,0H

cellobiuronic acid,

Occurs in polysaccharides of pneumococcus
Types IIT and VIIT,



1l

mathyl=d=glucuronoside proved that the Lid-linkege ls aleo present.

The aldobioniec neid isolated from damson gumllsl? and frou cherry
guml3'l4 has been shown Ho beQi&é~d«glycuw0n06id$'d~maﬂﬁ@sﬁ. Although
the two pume differ in their chemical constitutions, in the depraded
form they are very similar,

Ly

Hydyrolysis products from ﬁethyl&ted tragacanthic acid™” have been
characterised as the trimethyl derivatives of « =wmethylfucoside and
methylxyloside, 3:4-dimethyl methxyloslde, the methyl ester of 2:3-dimethyl
methylgalactofuyuronogide and the methyl cster »f a monomethyl~ 3 =
methylgalactopyruronoside, This clenrly indicates the branched character
of the moleculay complex,

A quantitative exawination of the wethylated sugars obtalned from
the 5Lip§@ry eln mucilagelg lted to a structural formula of the carbohydrate
portion. The nldobloniec acid was proved to be Zede=gnlacturonpsido-l~
rhamnoee Qnd identical with the neld osbitalned from the flax deod
mucilag@38.

Home evidenece concerning the ring structure and linkege of the
somponent sugars of lucerne seed muciLageé hue besn obtained., Prelluwinary
imvuatigmtiéns into the structural cnnfigurgtians of mucilages {rom the

40

seeds of plantago pSyllium,39 of plantago fastiginta™ and of plantago

tanceolata® have been carried out,

Little hag been done in studying the size and structure of
hemicellulose molecules, The squlvaleont weiphte ouloulated for theose
bodi@aaﬁ often indicate the presence of L6 to L8 units of d=xylose for

Lt ;
each uronic scid unit. An invesbigetion,®” carried out in this

Laborat ory, showed that the hemicellulose exiracted from Phormium tenax



(N4, flax) s constituted of a mein chain conteining 9 or L0
xylo=pyranose residuecs united by Li14=G8 <linkages, torminnted st the

&n

reduging

of .
g, by a complex, highly branched acid nucleus, franichetndten

and Fﬁrcival?6 eramined Toelend woss hamiaellul@g@,which they showed
to be a wixture of polysaccharides wmade up chiefly of B=-glugvee units
linked through positions 1:2, 1L:3, L:4 and L:6.

The pulysaccharides of puneumogoccus Types III and VIIEBQ field
collobiuronic acld when hydrolysed by acid. Methanolysis of Type IIIQB
gnve 2:3:16-trimethyl-d-glucose nnd the an@mw%ic forms of wethyl
2i4=dimethyl-d-pglucoside, The cellibluronic scid unite in the
polyasacscharide are thus Linked through position 3 of the d=glucuronie
apid rogidue, Thet is, the polysaccharide contrnins slteraste 1i3-
und Lid» Liunkaeges,

The structures of mucopolyesaccharides are fur from clear. Bray,
Gregory snd Stac@y44 isvlated and charactorised depivatives of
gluauranicigﬁﬁ of chrondrosamine from »n methylated degraded chondroitin,
1t appears thnt the repeating unit ie a trissccharide nnd that the

strueture 1s m branched chain type,



DERIVATIVES OF GLUGURONIC ACID

Although the presence of uronie acide may have been estnblished by
solour tests or by earbon dioxide ave{uﬁion, these acids form only a few,
well=deifined, insoluble derivatives with dlstinguishing charasteristies
rnd have gonsequently romained unidentified in many investigntions,
However, the identlty of maturally oceurring uronlec asclds has now been
fully estanblished by comparing the properties of their derivatives with
synthetisally prepared compounds from sugars of koow structure.

| The colour test consists of bolling n subsitanse suspected of
contadning a uronie acid with stroug hydrochloric acid solution in the

. 45 . , .
presence of aaphthﬁfﬁaercinol.ﬁ) On extracting with benzens,n purple

1
pigment is produced. This test has now been adopted for quantitutive
estimations, the intensity of the colour of mn amyl aleoholic extract
being measured with o photoelectric calarimmtar.dé

The evolubion of carbon divxide and the formation of furfural after

boiling uronic ecide with 12/ hydrochloric acid has also been adopted for

the quantitative esbimation of the acid.l Owing to possible degradation

{—
+ 3Hp0 4 €Oy

d-glucuronic aeld furfural

or reverslon products being formed, the furfursl 1z not preduced in

gquantitative yield.

1

Worman™ has tabulated the constants for many derivatives of

13.
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Synthesis of 2:3:&-trimﬁthyl‘c&-m@thylgluanranamidﬁb53

dimethyl sulphate

HBr in glaciai
and caustic seda

acetic acid

N
4

b=trityl L:2:3:4-tetra~acetyl b=trityl 2:3:4=trimethyl 2:3:4~trimethyl
gluesside B=-methylglucoside B=wathylglucoside

alkaline 2j WeOH = HOL . qoe  NHy = MeOH .
2:3vd=trimethyl methyl sster of 2:3:4-trimethyl amide of 2:3:4=triuwethyl
A=-methylglucuronoside -methylglucuronoside x=methylglucuronoside

The conversion of the hvdrolyeis produet 2:3:4=trimethyl glucuronic acid to erystalline 2:73:4=-tpimethyl

S =saccharolactone methyl ester.

COUH

o OH Br, water
L — e

2:3:4-4trimethyl 2:3 4=t rimethyl methyl ester of 2:3:4-trimethyl
glucuronic acid S -saccharolactone 8 -saccharolactone

The conversion of the hydrolysis product 2:;3-dimethyl glucuronic acid to srystaliine

2:3=dimethyl saccharamide, ’

= Oife

]
— €y
=g
2
3V

- H

@

- OH
2:3-dimethyl 2:3-dimethyl ~ 2:3=~dimethyl Y -emccharolactone H=-¢~-0H
glucureniec ameid saccharic acid methyl ester

oKt

f@NHQ

2:3=dimethyl
sagcharamide
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degluourouic acid. fugh aa?ivatiVQG are the clunchonine and quinine
saltes, the vomplex hydrazone and vsazone formed by the nddition of

p ~bromophenylhydrazine, the oxime of the lasbone, the trimcetyl plusurone
and two of the wmethyl cvompounds, h@idalh@rgwr and Goebel®! identified
d=glueuronic neid as polassium aeld saccharate,

In order to facilitete the identification of the methylated glacu?aﬁia
meid, whish is a hydrolysis product of fully methyloted polyuronides, it is
nocospary to synthesise gluguronic acid derivatives, containing two or wore
methexyl groups, Hany such compounds heve found frecquent uge in the
strugtural detormination of polyuronides durinp the pust few years,

Direet oxidation of the hexoses is not as yeb p?&e%i&&bl@ég nnd poor
ylelds of uronic aclide result from the oxidation of the glyegaiﬁ@ﬁ.ag if,
however, oll the hydroxyl groups in a particular hexose, with the exception
of that on Gg, are sultably protected, oxidation proceede swoothly and the
corpresponding uronic acid ls prmduqed.v‘ Thus, the oxldation of L:2:3:4-
diae%ﬁéﬂe galactose with potassium permanganate in alkalive solution afferds
L:2:314-dincetone galacturonic &61@550 The oxidation of L:2:31d4-tetra=
aostyl giua@s@ with potassium permanganste in glacinl acetic noid ylelds
Li2:3:4~betra=acotyl glusuronis acidBl and this,in turn, cau be transformed
into glucuronic acid, Fdwllarly, oxldation of L:2-monodcetons 3i5-bhenzylidene
glucoee with alkelline potassiun perasnganate giv@a Li2emononcobong J:5-

52

benzylidene glusuronic acid,
’ 5 , ;
A summary of the ﬁynthesiw’ﬁ of 2:314~trimethyl o =methylglusuronsnide
is shown on the opposite page. Anothar erystalline compound used for the

styuctural ptudies of aldoblonle acids is the methyl eeter of 2:3:4-trimethyl

saccharolactone., The chamcterisation of 2:3=dimethyl glucuronic asid is



{
performed by its conversion to o crystulline diaﬁﬁde.; The method wsed

is tebulated on page 14e,

Although not reported in the Literature ms producte obtelned from
polyuronidos after wethanolysls, other wmethyl derivatives of glucuronie
seld have been syntheeised. smith’# obtained 2:3:5« and 2:4:5~trinethyl
spcchare-diamides to prove that the oxidation of glucoge with nitric acid
gave a mixture of glucoeaschare=3:6= snd =<l:4= lastones, Owen, Peat and
Jﬁﬂeﬁgé showed that the nction of methanol on de=glucuronolastone depended
on ﬁh@ temperature. In the cold, methyl @B=d-gluco-fururonoside 3;6=
Lactone was ohiained, From this was prepared crystolline 2:5-dimethyl
glusofururonanide aund 2:3:5-trimethyl glucosaceharolactone wethyl ester,
Dewayr and Fartggﬁ starting with 4:6-ethylidens B -methylglucoside,
isolated 2:4- und 3;4~ dimethyl GS-methylglucosides, Oxidation of
these,with potussium permanganate,would nfford the unknown 2:4- and 3:d-

dimethyl wethylglucuronosides,



l6a,

TABLE II.

X ~mebhyl-d *ggiﬂr}zﬁ;géiﬁ@ b=trityl o< ~methyl G=trityl 2:3:4~trimethyl
d =zlucoside x=methylgluecoside

SO0H

nethyl ester of 213 4=t rinethyl Zris8=trimethyl 2: {rd=trimethyl
23 ¢d=trimethyl o =uathylylusuronsside x =mothylgiucoside slugose

o =methylylusurvaseide
Vil

CONH, $0UMe
b

¥ JHe
amide of Z:i:d~trimethyl 3 2l d=-trimethyl wethyl sster of
-methyiglucuronoside o ~mebthylplucuroacside 2s3d=trimathyl
{Potmesium salt) = ec-wethylglucuronveide

P

hriille

methyl weter of 2:3 sd=trimethyl 2:3:4=trimethyl
‘ 2:3 sd~trimethyl & ~gneoharolastons glucuronic acid
8 -sascharsiactons

i1

GONH,
H - = (e

Bel - 0 = H

o= O

gt
§

‘a'ﬁ 3 l}@i 3

2:3 i4~trimethyl
saechardianide



PRESEHNT  THVESTIGATTION

A sumnary of the synthetio methods used for the synthesis
of 2:3:4=trimethyl sacchardiemide is set out on the ascoupanying
pege. In this sectlion,each of these reactions ie discussed iun

turn from the theorstival end practical viewpoint,

16,



DISCU S8TON ON SYNTHETIC METHODS.

GLUGOSIDE FORMATLON REACTION I.

The preparation of methyl glysosides by the metlon of methanolie
hydrogen chloride on monosaccharides was firet investipated by Fisch@r.57
In 191%, Beurqualot58 prepared o<-methyl-d-glucoside by bolling
a solutlon of glucose in methanol containing 0025% hydrogen chloride
for eighty hours, obteining a yield of about one tenth of the pglucose
used, Using this method, Hudsom59 prepared methylyxloside and soms
slwilay gompounds in shorter tiwme.

In the present ilnvestigation the method of Patiterson and

60

Robertson”  was used. They obtained a 46% yleld of o< ~methyl-d-glucoside

by dissolving glucose (one part) in methanol (two parte) containing 3/
hydrogen chloride,and allowing the solution to boil under reflux for

four and s half hours.

DISCUSSION

No difficulties were experienced in carrvying out this reaction.
The process was repeated (Reaction V) to ensurs complete conversion.
This was necessary before oxidation, as Ol if uaprotected, will be

affectad,

17.
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TRITYLATION REAGTION IX,

Helferich et atiaél used triphenyl-chloromethane as en organic
reagent to prepare orystalline trityl ethers of simple primary and
socondary alcohols, Gince the reaction was conducted in the presence
of an excess of pyridine, thias method sould be applied successfully
t0o the study of glycosides which are sengitive to acids,

62

Tollowing this procedure, ﬁaLferibh“aud Besker < obtained &
monotrityl-oc=methyl d-glucoside as a crystalline compound, Treatment
with acetic anhydride in pyridine yielded a trimcetyl derivative which
rencted with excess phosphorcus pentabromide to give acato~bromo-glucose,

thus establishing the poaition of the teityl residue on carbon 6.63

E&"QBr

‘ GHECO);O in g
, 03{3 yw’d(’néAc

b=trityl«= <=mothyl b-trityl 2:3:4-triacetyl aceto dibromo

d=glucoside x=mathyl d-glucoside glucose

In their study ef trityl derivatives of glucose, fructose, and

mennose il was observed by Helferich et uLi364;65 that trityt chloride
eXerted a marked preference for primary hydroxyl groups. The roesulvs
of Josephsonéé'who worked with di- and tri= saccharides, and of
Helferich and Koaeter,67 who worked with gtarch and cellulose,supported
this statement. Hockett, Fletcher and Amesé9 pointed out that trityl
chloride's preference for esherifying primary hydroxyl groups in presence
of secondary 6nes was due tog-
(1) The falatively high reactivity of the primary hydroxyl group,

(2) The crystallising properties of trityl ethers,
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~Although no ditrityl derivatives of glucose have been reported,
recent work proves that trityl chloride may react with secgoundary
hydroxyl groups, This was demonstrated by Hockelt and Hudsﬂnég who
obtalaed trityl derivatives of o<-methyl-d-xyloside, @ =mothyl-d-xyloside
and AB-methyl-d-arabinoside, Other evidenge in this direction wae
furnished by the isolation of tri-trityl derivatives of fructose and of
aorbOseKO and of 3:5-ditrityl methnyyLoside.7l

As trityl groups may easily be hydrolysed off, they way be used
for blocking hydroxyl groups in order to synthesise sugar derivatives.

This 'has proved an effective method for preparing glycuronosides,

DISCUBSION

In thles present inveétigaﬁiom, the method of Helferish and Becksr,
as described dlu "Polarimetry, jaccharimelry nnd the tupgars” by Bates,
(Cireular of Hational Bureau of Standards G440, 1942, p,512) was used
for the tritylation of X=methyl d-glucoside, ‘The detailed account
ends as follows: “The crude product is recrystallised from 5 parts of
aleohol, When air=dried the compound contains L,5 molecules of alcohol
of crystallisation and melts at 80° G, if heated rapidly, Wethyl 6=
trityl-o=d-glucopyranoside, when alcohol free, melts at LEL? to 152° ¢,
and gives (<15 = 86.3° (pyridine)."

The first unusual feature was the formation of crystalline materinl
iﬂ.the pyridine solution during the reastion time. Jackson, Hockett and

2 reported a similar phenomenon during the tritylation of methyl-

Hudson7
xyioside. Analysis of the crystals showed them to be triphenyl carbinol,
which proved that moisture mist have boen present, As the reaction

flask was thoroughly dried before.use end was provided with a calcium
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chloride tube, the source of moisture must have cowne from the pyridine
or the o -methyl d-glucoside. The former possibility was ruled out as
the pyridine used had the physical constants of a pure solvent, It
was therefore conluded that the drying of the o-methyl d-glucosidse for
5 hours at 40° €. in a vacuum oven was not sufficient to dehydrate it.
Smith, preparatory to making 6-trityl «=methylgalactoside, dehydrated
< ~=methylgnlactoside (8 syrup) for éeveral hours in a vacuum at L% ¢,

The crude b-trityl o< -methylgluenside was taken up in ether but
during the process of washing, the solution became a solild mass, Thic
surpriasing result s explained by a summary of obsmervations given below,

After recrystallisatinon Prom aloochol, an snslysis of the wetl
formed,colourless needle-Like crystals chowed them to have a Low
trityl content, Purther reorysial lisations did not alter the value,
ﬁimilér results were obtained when the process of tritylation was
repeated. Both producte had a melting point of 128" U., a figure
which is not recorded in Bates or the American Chemical hbatracts, but
only in the original work of Helferich and Hecker.

A methoxyl determination expelled any doubt about the goup Lot eness
of the tritylation, as the result indicated the presence of L.5 moles
of alcohol of crystal lisntion, a fact which is in agreement with the
work of HeLferich and Besker.

¥xperiments on the compound showed:-

(1) That when the product was recrystallised from alcohol, it contained
1.5 molesules of aloohol of crystallisatlion.
(2) That after drying the compound in a Py0g drier, the aleohol of

crystal lisation wes etill present,



(3) That drying the compound at 70° C. in a vacuum oven also failad
to remove the alcohol of crystallisation,
(4) That the compound was
(a) easily soluble in chloroform, acetone, benzol and othyl acetate.
(b) soluble in comparstively large volumes of methanol and ethanol,
(c) practically insoluble in ether, thus explaining a difficulty
réferred 10 sarlier,
Frow these observations, aLLlfhe difficultics would be overcome
it the crude yellow-brown ayrup of 6-triltyl o€ -methylglucoside was taken
up in chloroform, neetone, benzol or ebthyl acetate, The Latter solvent
s undesirable ag ethyl acebate of cry$@¢LLisation has been reported,

T4 was noted that the melbing poini of the compound containing alcohol

14 . . 0 , —
of crystallisation changed from 128° €, to 140" G, after recrystallisation

from ethyl scetnte, a result in conformity with the work of Helferich and

Becker,

21,
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METHYLATION

Purdie and Irvine!J showed that their method of methylation ueing
methyl Jlodide and silver oxide, oxidised sugars uwuless (L was protected,
Using  =wethyl d-glucsoside they obialned trimethyl methyl-glussside as
the main produet, indieéﬂing that the primary hydrokyL group was hard to
methylate, kven using an excess of reagents, only a small amount of
tetramethyl methylglucose was isolated.

The mild experimental conditlons is the maln advantage of the
method, Drastic changes such as degradation, rademisation, Walden
' inversion or inbercouversion of glycosides do not take place.

The wmethod of Ha@or%h74 has often been used to advantage, By this
procedure the sugar is dissolved or suspended in water, and dimethyl
sulphate (three times theoretical awount) and 3074 ceustic soda are added
over a period of 7ive hours. The reaction, which proceeds best in a
alightly alkaline medium, is carried out at TOQ G, The excess dimethy!l
@glphata is then boiled off and the sugay sxiracted with chioroform.

; muaket75 developed a process of methylation which depends on the
methylglycoside being soluble in ;iquid amuonia, This is subjected to
the ac?ion of sodium or potassium to form a salt, which, if treated
with methyl iodide gives a fully methylated product,

Pageu and Trister76 used a combination of Haworth9974 and
Freudonberg and Hixmn'$?7 methods, The former process was used until
the secondary hydroxyl groups were occupied. Then the sodium slcoholate
of the sarbohydrate was prepared in ether solution and methyl doedide
added to complete the methylation,

Foar and Yenzies!® showed that < =methylglucoside readily formed

a trithallium derivetive which reacted with boiling methyl idedide,
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glving a trimethyl methngLucnsida.. This method of methylation hes

T ] . 0 .
been applied to siaple ﬁugaralg’al and to poLysaccharldesB . Also,

6-trityl o<-methyl galactoside can be converted directly to b~trityl

2:3t4~trimethyl oc-methngaLactoside.82

DISCU 53 TON

The reasons for the choice of Purdie and Irvine's methylation
process may be summarised as foLLowé:-

(L) Better yiolds and fewer methylations are necessary as compared with
Haworth®s methbdd,

(2) The unavailability of the apparatus prevented the use of Musket's
method,

{3) The fact that the primary hydroxyl group was already nccupied, ruled
out the method of Pacsu and Triatgr.

(4) Thallous salts are expensive and unstable, For this reason the
process of Fear and Menzies was not tried,

The interesting feature noted was thal after three or more
methylations, the crystalline compound, which was deposiled during
removal of the solvent, had the composition of 6-trityl di-methyl
x=methylglucoside, It wes thought that the comparatively Laréa tritylL
group hindered the methylation of the hydroxyl group (on G4) which was
nearest it., This fact was borne out by subsequent results.

5ix methylations did wnot completely alkylate the compound, However
the partially and fully methylated producte were easily seperated as
the latter, which was a yellow syrup after removal of the solvent, took

three weeks to crystalliaé into pale yellow hydroscopic crystals, a
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portion of these was recrystallised from acetone before an anlysis was
carrled outb.

Helferich and Beakerég used ouly two mlkylations to methylate fully
b-trityl «<=methylglucoside. Uaing smaller quantities of reapgents, other
workers found it necessary to repeat the process a number of times to
obtain the required compound. Thus,ﬁmith9 used Haworth's method six
times and Purdie and Irvine's {wice to prepare 6-trity£12:3:4~trimethyl
x-methylgalactoside. Five methylations were required to replace the
acebyl groups in 6-trityl 1:2:3:4~tetra~acetyl gLchS@°53 Luckett and
Smiths found it necessary to repeat the process of methylation niﬁe

times to produce b-trityl 2:3:5=-trimethyl methylgalacto~furancside,



DETRITYLATION REACTION IV,

The methods of detritylation are based on the fact that trityl
groups are hydrolysed in an acid medium.

62

Helferich mnd Becker © used 1.2/ methanolic hydrogen chloride

to detritylate 6-trityl 2:3:4-trimethyl o<-methylglucoside, Although
triphenyl carbinol was obtained,the supar portion ¢ould not be ieolated.
A widely used method due to Helferich and Klein83 makes use of hydrogen
bromide in avebic acid at 0° C. The process adopted by Swith? was to
saturate an ebhersal or chloroform solution of the tritylated sugar

with dry hydrogen chloride at 0° G.,and to allow the mixture to stand

for 2 hours at room temperature o complete the reaction,

At this stage the product was divided into two portions, this
belng done in event of a later reaction being unsucoessful, Smith's
method was used suscessfully for_the detritylation of both portions of
6=trityl 2:3s4~trimethyl o<-methylglucoside. The process was carried
out in chloroform, as 6=trityl 2:3:4~trimethyl o¢ ~methylglucoside
proved to be insoluble in ether.

Analysis of the yellow sypup obtained showed that elther detrity-
Letion was not complete or that the product was not fully methylated.
Frastional distillation of a later produst proved the latter to be the

coryveet explenation,

25,
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OXIDATION  REACTIONS VI, IX AND XII,

Three methods of oxidation have been used successifully for the
structural determinations and for the syanthesis of uronic acids,

84 used nitric acid to determine the structure

Pryde and Wil llams
of glucuronic acid of aniwmwal orilgin. The type of ring structure of
the acid can be deduced frow the examination of the oxidation products,
This process of oxidation when applied to the m@thyi ester of 2:3:4~
trimethyl e<-methylglusuronoside produdad i-xylotrimethoxy glutaric
acld and d-dimethoxy sugcinic acid,which were identified as crystalline
diamides, These results prove the ester to have a l:i5 lactone ringog
Similarly,?;deiméthyl 8§ -saccharolactone methyl ester was shuwn to
contain a L:4 lactone ring.9

This oxidising sgent has been used with sowe success for the
gonversion of sugar derivatives to saccharic acids. Thug SBmith, Stacey
and,Wilson53 used nitric acid to obtasin 2:3:4-trimethyl 8 ~mannonolactone
from 2:3:4~trimethyl mannose, ‘Similarly,ﬁhe 7/~laatone of 2¢3:5=trimethyl
mucic acid may be obtained.5 However, the severe conditions are not
condugive to good yields.

To oxidise C§ only and thus form a glycuronvside, potassium perwan-
ganate has besn used, B%aeeygl pxidised tetra=acebyl glucose with
potassium permangenate in acetone and acebtic acid to obtain an excellent
yield of tetra=-mcebtyl d-glucuronic acid.  To complete the reaction, he
allowed the solution to be stirred slowly for 2 days during which time
portions of oxidising apent were added. Using an alkaline medium of
potassipm hydroxide iﬁ water, Smith, Stacey and WiLson53 employed a
similar prosedure to obtain 2:3:4-trimethyl < -methylwannuroneside in

good yield from 2:3:4=trimethyl «-methylmannoside. Similarly,Luckett
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and Suith? prepared 2:3:5~trimethyl & -methylgalasturonoside.,

The uvee of bfnmime as an oxldising sgent has been employsd for
the conversion of glycuronic acld derivatives or monosaccharide
derivativen, having GL and Cb free, to the sorresponding dibasic aeids
which immediately revert 4o the lactoune. fixeess bromine ils used and
the reaction time controlled by the follawing factsy~-

(L) The teuperature at which the process ie éarried out,

(2) After removal of browine by aeratiovn, the solution should give a
negative Fehling's solutlon test and resct acid to Congo red paper.
This deaotes that the veaction is complete,

This reapgent ls less severs than nitric acid and hense is
preferabla, Smith? propared 2:3:4=trimethyl 8§ ~sagcharolactone from
2:3:@;trim@thyL gluguronic asid by bromine oxidation. Smith, Stacey
and Wilson53 obtained the coyresponding derivative of 8v-mannanalauﬁ@m@
by the oxidation of 2:3:4=trimethyl mannose and of 2:3:4=-trimethyl
mannuronie acid.  Similarly, 2:3:4=trimethyl 8=-galactonolactons has
been prepared from 2:3:4=trimethyl galactase.9 23315=Trimethyl
Yanlaaﬁomolac%ome‘haa algo been obbtained by bromine oxidation of
2:3:5=trimethyl galae%ose.5 The dimethyl glyeursule acids have aleo
been oxidised by this meAns,

The process by which Maurer and Drefah185 oxidised carbohydrates
with nitrogen dioxide ls beset with meny difficultices. it has been
shmwngé in this laboratory that sugar nltrates are obtained if the

gecondary hydroxyl groups are not probected.

DISGU HSION

‘For the couversion of a portion of 2;3:4~trimethyl X-methylglucoside




to 2:3:14-trimethyl o -methylglucuronovside, Stacey's method of oxidation
was employed, A number of diffiéul%ies were sncountered, some of which
could not be overcome.

When the reactlon was completed, the manganese oxides wers separ-
ated by cenlrifuging the solution for L hour, but even after this time
it was obvious that some unuag& potaesiun permangenate was preaent in
the tulk phase. After removal of the water, a syrup was left, this
being interspersed with permanganate.  This was taken up in chlereform
and washaed several times with dilute sulphuric acid to remove the
permanganate, Efter washing with distilled watsr, the chloroform layer
was evapornted to dryness to give a small yield of yellow syrup. The
washing s were neuwtralised to Litmus, evaporated to dryaness and taken up
in chioroform. After washing, removal of the solvent gave snother
émall smount of yellow syrup, Repetition of the procedure produced a
aimilar yield.

These results indicate that this glucuronoside derivative is
soluble in water,whereas,those of “tacey wshow that the ﬁorr@sbanding
acetyl derivative ls not,

Better resulte wight have been obiained had the excess potassium
permanganate been reduced wlhth hydrogen peroxide before the solution

was centrifuged,

Reastion IX.
No difficulties were encounbteraed when Smith, Stacey and Wilson's
oxidation provess was used to prepare a sacond porblon of 2:3:4-trimethyl

o=mathylglucuronoside, As potassium hydroxide was present in the



reastion medium, a potesslum salt was obbalned, This was couverted to
the methyl ester of 2:3:4-trimethyl < <methylglucuronoside by boiling
the esalt with 2% methanolic = hydrogen chloride. (Reastion i).

Fragtional distillation of the syrup,followed by the analysis of
the frastions, showed the methyl ester of 2:3~dimethyl oc=methylglucur=
onoside to be present, This result is in agréemsnt with a theory
previously mentioned, i,e. that trityl groups hinder the methylation
of the hydroxyl group on U4, Confirmation of this was given by
sonstruction of a model of 6=trityl 2:3-dimethyl « -methylglucoside.

0f the three boiling peint {ractions that were obtalned, the first
‘and third werc shown to be pure sauples of the wethyl esters of 2:3:1de
trimethyl and 2;3-dimethyl o -methylglusuronosides respectively., However,
the boiling polat of the former was found o b@‘16W6$ than that recorded
in the literature. ‘The sesond ?rac%imm had an intermediate methoxyl
sontent eo was methylated with Purdie and Irvine's reagents and then put

aside,

Before 2:3:4=trimethyl < -methylglucuronoside methyl ester can be
converted to a disarboxylic acid, the methyl group om CL must be removed
by hydrolysis (Reaction XI).

In strongly aéidin solutions, supgars are easily degraded,and it is
therefore necessary to use mild conditions for hydrolysing glycosidic
linkages., The method widely used is to heat a solution of the glycoside
in dilute aecid (0,LN - 1,0N )70n a boiling water bath,until the specific

rotation, which is measured at regular lntervals, bocomes constant.



Having successfully hydrolysed the methyl ester of 2:3:4-trimethyl
o =methylglucurensside to 2:3:4-trimethyl glucuronic acid, the dibasic
acid was prepared using bromine as the oxidislng agent, No difficulties

were engountered during this reaction,

39,



BETERIFICATION REACTIONSG VIL, X AND XIIT .,

Diazomethane is an invaluable reagent for the methylation of
carboxylic acids or other substances which are sbrongly or moderately
acidic, This yellow gas is employed in the forw of an ethereal

solution. The reagtion is as follove;

In practice,an exgess of diazomethene is emploeyed,and at the end of the
reasction the umised material is removed by evaporation of a part or all
of the ether. Althouph the reagent is expensive, it provides & rapid

and elegant method for the preparation of a small quantity of an eslesr

in very pure condition.

Because of the more severe conditions, the use of 1} or 2/
methanolic hydrogen chloride gives smaller yielda, However, this method
has been widely adopted for esterifying sugars. It consists of bolling
a solution of the sugar in methanolic hydrogen chloride for 6 to 10 hours,

nevtralising the excess acid and evaporating off the solvent,

Reagent VII.

The failure of Stacey's oxidation method to give a gooed yleld of
glucuronoside has alyready been discussed, It was hoped that-tha small
amoﬁnt obtained could be purified by converting the corresponding methyl
ester to a orystalline amide. This estor was obtained as a yellew syrup
after bolling the sampl@ of 2:314=trimethyl <-methylglusuroneside with

2% wethenolic hydrogen chloride and removing the solvent. Analysis of

31,



the syrup showed it to be a mixture of the methyl esters of 2i3-dimethyl
and 2:3:4-trimethyl o -methylglucuronosides, However, thess were not
separated by distillation, it being hoped that.boﬁh the corresponding
amides would be erystalline and could thus be separated. The amide of
2:3=dimethyl = =-methylglucuronoside is not reported in the lit@ratur@.
The potassium salt of 2:3;4*t?im@ﬁhyl.<x~m@ﬁhylglucurqnaside LETE
also esterified with 2% wethanolic hydrogen chloride (Reamction X). No

difficulties were encountered, both reactions producing good résults,

Bheaction XIIX.

Diazomebthane was used to convert 2:3:¢4-trimethyl & -sascharolactone
te the corresponding methyl ester. Separation of a small portion of the
pale yellow crystalse on which a melting point was taken,confirmed the
results of Swith? for this conetant. fnalysie of the syrup indicated
that it was qulte pure. Consldering these results, and the loss incurred
due to decomposition, it was deaid@d not to distil the ester, but to

convert it directly to the diamide.

32,
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AMIDE FORMATION BEAGTION VIII AND XXV,

DISCUSSION
Reagtion VIII.

After forming the amide of 2:3:4-trimethyl o<=methylglucuronoside
in the prescribed manner, the methanol was removed to give & yellew syrup,
Mewny solvents and thelr combinations were used in an attempt to crystallise
the ayrup, but without avail. It seems that the smsell amount of the amide
of 2:3=dimethyl methylglucuronoside that was preseunt, prevented the crystal=
lisation of the known amlde of 2:3:d”£rimethyl methylglucuronoside. This
goncluslion explains why 2:3-dimethyl glucurenlc acld, a hydrolysis product
of certain methylated polyuronides, has always been identified as the

cryoetalline 2:3-dimethyl sacchardiamide.

Reagtion X1V,

The usual resction time of two days proved Llnsufficient to cenvert
2;3;4°triméthyl 3~saccharolactone methyl ester'to 2:3:4=trimethyl
sacchardiamide.

The h&drascmpie nature of the oryetals,and thelr slow formation,
ghowed them to have the charscteristie vroperties of most ursnic agid
derivatives, Hencs,the suggested method for the identification of the
componentes of a mixbure of uronic aslds by conversion to their crystalline

amides, cannot be adopted as a general prosedure,



SUMMARY

L. The synthesis of 2:3:4-trimethyl sacchardiamide from d-glucose has
been effected by the following route:
d-glucose — oc=methyl d~glucoside — 6=trityl o-methyl d=glucoside
— O=trityl 2:3:4-trimethyl omethylglucoside —>2:3:4-trinethyl

< =methylglucoside — 213:4-trivethyl o-wethylglucuronoeide methyl
estoy —> 2:34-trimethyl glucuronic acld — 2:3:4-trimethyl
§=sapocharolactone — 2:34-brimethyl &S-gaccharolactona methyl

eslier —>2:3:4~trimethyl secchardianide,

2 6-Trityl < =mothyl d=glugoside,after recrystallisation from ethyl
aleohol, contained 1.5 moles of alcohol of crystellisation. This confiruws

the results of Helferich and Becker.

3¢  Methylation of the hydroxyl group on (4 was hiudereod by the presence
of a Lrityl group on 06. Confirmabtion of this was given by construction
of & model of 6~tri£yl 2:3=dimethyl e-methylglucoside, The isolation of
a pure sample of the methyl ester of 2:3-dimethyl a<-methylglucurqnoside

alao supported the statement,

4, Stacey's method proved impracticable for oxidising 2:3:4-£rimethyl

x=methylglucoside,ns the corresponding glucuronoside was soluble in water,

Hmith, Stacey snd Wileon's exldetion method produced the potassium salt

of 2:3:4~trimethyl «~methylglucuroncside in good yield,

5« In the presence of the amide of 2:3-dimethyl methylglucuronoside
which hee not been reported, the known awide of 2:3:4~trimethyl

ex-methylglucuronoside could not be crystallised.

34,
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6o 2:3:4-Trimethyl sscchardiamide was isolated as a hydroscopic syrup
which crystal lised only with the greatest difficulty, Hence, it is not
a convenient derivative for characterisation of 2:3:4=trimethyl glucuronic

acid.



PREPARATION AND PURIFICATION OF CHEMICALS

METHYL ALGOHOL, %8

GCommercial "absolute” methanol (300 mls,) and magnesium turaings
(15 gms.) were wixed in a bolt-head flask (3 litres), to which was
fitted a double surface reflux condenser., Iedine (3 gms.) dissolved
in a little methanol, was added slowly to the reaction flask which was
gooled by a aetream of water,

VWhen the initial ﬁigoroms reaction had subsided, the solution
was warmed on a water bath until all the magnesium had been converted
to the methylate, A further amount of commerical methanol was then
added, and the mixture refluxed on a water bath for 8 hours, After
allowing the solution to stand overnight, the mpethanol was slowly
dlstilled through a long fractionating column packed with glass helices
After r@jeating the initial fraction, the main portion distilling ab.
64,8° C. was collected,

Found N ® 1e3306

(-‘{ .7]:.03 1.331.2 (I cC-Ta)

METHYL IDInEd?

Methyl alcohol (1080 mls,) and red phosphorus (240 gms,) were
mixed in a three litre bolt-head flask fitted with a double surface
ref Lux condenser. Powdered iodine (2400 gms,.) was added in small
portions over a period of five houés,with frequent shaking. During
the addition of iodlne, the flask was cooled in a water bath s0 ns

to sontrol the vigorous reaction, The mixture was then refluxed



for one hour (bath temperature 509 Co.) and allowed to stend overanight.

By immersing the flask in a water-bath contrelled ai 55© G., the
methyl lodide distilled into a receiver immersed in an ice-salt mixture,
The distillation was continued until no eily drops remained in the
condenser, the residue beilny discarded. The distillate was washed in
turn with equal volumes of L0O% aqueous sodium hydroxide, 104 aqueous
sodium thiosulphate,and distilled water, thus removing alcohol and free
iodine.

After drying overnight over anhydrous calcium chloride, the methyl
iodide was redistilled at a rate of one drop per sepond through a double

surface condenser ilnto a dark storage bottle, On gompletion of the

distillntion, the bottle was tightly stoppered and kept away frem Light.

vield: 2354 gms. (884 theoretical)
Found: B.P, = 42,5° ¢,
Dy = 15296

of R s 15093 (T.0.7.)

L8
RITYL gHLonzor’?t

A wixture of benzene (thiophene free; 452 nls.) and carboen
tetrachloride (B.P., 88 mls,) was dried ower anhydrous calecium
chloride for 24 hours, and filtered into a one litre bolt-head flask,
to which a reflux condenser and calcium chleride tube were attached,
A gsecond opening ln the neck of the {lask was sonnecied b& neans of
a wide rubber tubs to an Erlenmeyer flask (250 wls.) containing
powdered alumivium chleride, which could then be added without its

exposure to the alr,
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Aluminium chloride was added to the boiling mixture of bhenzens-
earbon tetrachleride at a rate so that the heat of the reaction kept
the wixture at this tewperature, The reddish-black mixiture was then
heated on a water bath till the evolution of hydrogen shloride subsided.
With constant stirring, the solution, after being cooled, was poured
slowly into crushed ige. Bemzéne (ﬁhiéphene free.'AOO mla, in all)
wae added from time to time to keep the tfityl chlaride‘in go lution,
After separation of the bensene layer, the aqueous suspension was
extracted with a further quantity of benzene (100 mls,). The combined
benzene solutlons were extracted twise with 20 hydrochlorics acid
(800 nmls. portions) and finally with concentrated hydrochleric acid
(500 mls, ).

After drying over anhydrous calcium chloride, the»graenish-bruwn
benzene extract wes transferred {0 m one litre disiilling flask which
was heated to 120° G, on a glycerol bath to remove the solvent. 'The
dark brown product-was transferred to a round bottom flask (500 wmls.,)
fitted with a calcium chloride tube. After cooling to 40° Co, nostyl
chloride 5 mls,) was added, and the mixture heated on an oil ﬁath almost
t0 B.P.  The {lusk wae sooled rapidly by means of tap water, and then
thoroughly shaken., This caused rapid crystallisation of trityl
chloride and after immersing the flask in lce-water for several hours,
the product was filtered off and washed with ligroin (B.P. 70° = 90° ¢,)
three times with 60 mls, portions. The solvent was removed by placing
the crystals in a vacuum dessicator over paraffin shavings,

Yield: 112 gns. (5674 theoretical based on
aluminium chloride)

Found MP, 111° - 112° ¢,
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SILVER 0Xipp/t

A hot filtered barium hydroxide solution (300 g@s, Ba(OH)2~8H20
in 3 litres of distilled water) was added to a hot solution of silver
nitrate (300 gms, in 1.5 litres of distilled water) in a five litre
flask, and the precipitated silver oxiQe washed with boiling distilled
water on a Buchner fununel t1ll all excess barium hydroxide had been
removed, The precipitate was dried on a porous plate and then dried
at 60-80° G. for several days, after which the oxide was finely powdered,

stored in a dark bottle,and kept away from light,

STLVER ( ARBONATE?*

A saturated solution of potassium garbonate (35 gme.) wes &dded\
to a saturated solution of silver nitrate (85 gms.) The precipitated
silver carbounate was filtered, thoroughly washed with cold distilled
vater, and dried at 100«1053 G. The yellew gompound was stored in a

well-gtoppered dark bottle away from light,

The reaction was carried out in a distilling flask (100 mls,)
with a high side arwm connested to a double surface veflux condenser.
In the flask was plaoced 25% methanolic potassium hydroxide {2 mle,)
and ether (L0 mls.). The flask was provided with a small dropping
fuunel with the stem extending well below the side arm and in this
was added ether (20 wmle,), followed by nitraéemethylurethane (1 mle)e
The flask was heated gently on a water bath,and the solution was run
in from the dropping funnel at about the rate at which ether distilled
from the reagtion vessel, The diazomethane formed was carried over with

the ether and the yellow distillate collected in a flask cooled in an ice



bath, Some additional ether (10 wls,) was used to rinse the dropping
funnel and the distillation continued until the condensate became
colourless,

The diszomaethane in the etheyreal solution amounted to abéut

0.2 gms. or 0,005 mole.,

PYRID INE
Pyridine (pure) was stored in a dark bottle over anhydrous barium
oxide and kept a@ay from Llight, It was filtered before use,
my = 1,5085

of mie 15092 (I.0.T.)

cHoRororu B8
Chtoroform (B.P.) dried over anhydrous sodium sulphate was, after
filtering, pure enough fef the purposes of this investigation.
Ny ® Le44bs

of nF=  1.4460 (1.6.1.)

ETHERaB
Etherv(B.Pa))aftar preliminery drying over anhydrous caleium

chloride,wan stored in a dark bottle over sodium wire,

aczrons: 88
hAeobone (rectifiecd) was stored over anhydrous potassium carbomate,
B.P, ® 56.2° ¢
n® = 1,359
¢t ke 1,3590 (Te0.7)
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BAPERIMERTAL

- PREC ARATION OF o< ~-METHYL d-GLUCOSIDE,

< =Hethyl degluceside was prepared by the wmethod of Robertesn snd
Pattwrsem.ég

Dextrose, pure anhydrous (100 graws) was dried in a vacuum oven
at 40% G, for five hours,

Found: W,P. = 145° ¢,
<]y = +52° @, after 2 days (G = 1,0 in water)
MoP. = 146° 6.3 [x122+52,7°  (Bates'l)

The methyl aleoholid - hydrogen chlopide (3% solution) was propared
by generating pure dry hydrogen chloride into a weigheé volume (Qoa'gwams)
of pure anhydrous methyl aleohol until the desired lncrease in weight wase
obaerved,

The anhydrous dextrose (100 grams) and mebhyl alcoholic = hydrogen
chloride (206 grams) were mixed in a one litre bolt-head flask. The
solution was then boiled on a weher bath under reflux for 4% hours using
a double surface reflux condenser fitted with a calcium chloride tube,
Desolourizing animal charcoal (5 grams) was added L5 minutes before the
and of thies time.

The solution was filtered rapidly on a Buchner fuunnel and cooled
in a beth of ice with occasional stirring. .After an hour, the oc-methyl
d=glucoside forimed a thick paste, and the crysinlline material was
filtered off under vacuum, This was washed with a little dry wmethanol,
and then dried on a porous plate for 5 houre at 20° C. in a vacuum oven,

The mother Liquor treated with desoulourlzing animal chercoal and

filtered, was concentrated to a syrup. After cooling in a bath of ice



for one hour, a further amount of < =mathyl deglucoside crystallised out.
' This was filtered off and dried as before.
Yield: 65.2 grams (60.4% theor@ticai)

Found:  M.P. = 161° ¢,

The impure produst was r@crysﬁallis@d from methanol {150 mla. ).

Yield: 42.5 grams (39.4% theoretical)

%53

Found:  M.P. = 165%- 165.5° C.
o]y = + 158,50 (G = 0.5 in water)
OMe = 15,71%

Calsulated for CqHy,0f, OMe = 16.0%

sy
Robertaon and Patt@§$0ﬂéo reporty M.P.2 165°-166°0, ; [0, = 157.9% (in water)
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TRITYLATION OF oX-VETHYL 4=-ELUCOSINE

o =Methyl d=glucoside (20 grams, 0,10 mole) and trityl chloride
(30 grams, 0,11 mole) were dissolved in pyridine (L60 wls.), and the
solution allowed to stand for 24 hours at room temperature in a stoppered
flask fitted with a calcium chloride tube, During this time some
crystals, (A), formed and these were filtered off,

The asolution waas then poured inﬁa ice cold watsr and allowed teo
stand for L hour, The syrupy layer, which was separated and rubbed
up repeatedly with fresh portions of water, wes taken up in ether
(200 mls,). The ethereal solution was washed three times with each
of th@ following solutions using 100 ml, portiéns; acetic acld (104
-salution), sodium becarbonate (50 mls, of saturated solution diluted
to 100 wmls., with distilled weter) and finally with distilled water.

Nuring the second washing with bigarbonate solubion; the ebthersal
layer solldified very suddenly,

The colid, aifter washing wlth dlstilled water was taken up in
absolute ethyl alcohol (350 mle.) by warming to 40° C. on a water bath,.
The solution was gooled in an éxternal bath of ice. The white crystal-
line mwaterial (B}, which was depocited, was filtered off on a Buchner
funnel, washed with ice cold absolute ebhyl aleohol and dried for 5
hours at 40° G, in a vacuum oven.

The mother liquor was concentrated under vacuo to 100 mlas, This
solution was treated ns previously, causing a further quantity of
orystals (G) to be deposited. Theae were washed and dried as befors,

The mother liquor was again concentyrated, this time howsver, buff

crystals (D) were deposited.



fvmlvaiy of Frachions

A L.5 graus | 160-161° ¢, (Irz +38° 90,1
B 6.5 grans 137° ¢, (]d=  +33.4° 5363
§ 135 grams 136° C. [e]de 433,20 5340
I 10,0 grams 156" G, (oe +37.70 8949

Total Yield; 31.5 gms., (707 thesretical)
Calouluted for Getrityl o< -methyl d-gluvoside, Chgl,ep, tridyl * 55097
Galoulated for %?iphﬁﬂylc&rhiﬁ@ét Glgﬁzéﬁ » trityl ® 93,14
Freetlions B and ¢ were recrystallised from sbesolubte ethyl alevhel,
Pound: M.P, > 1300 ¢,
trityl *=  48.0%
[°<]l: 8 +66,L@\ (C» 0,5 in pyridine)
Recrysballisation from absolube sthyl aleohol wae carried out o
fupther three times, but the analysls for trityl showed that the rosults
vare still Low but constant.
After third recrystallisation, trityl * 47.90%

AMbor fourth resrystallisation, treityl = 48,07

@

AMter fifth recrystallisation, trityl 47.95%
vield: 18,5 grame (41.1% theoretical)

Founds M.P. s 128=129%G,3 (€002 +67,6° (G = 0.4 in pyridine)



A FURTHER ATTEMCT TO PREPARE 6-TRITYL = K=METHYL- d = GLUCOSIDE.

The large amount of triph@nyi garbinol produced during the previous
preparation of 6“ﬁriﬁyl«o<~methnydngucaaid@,Led»ﬁo the belief that the
reaction time of 24 hours was insufficieunt. Further evidence supporting
thie view,was that the final product had s Llow trityl content.

K =Methyl=d-gluceside (25 grams, 0.13 mole) and trityl chiloride
(36 grams, 0.13 mole) were dissolved in pyridine (éOO mles ) and the
aaLu@ion allowed to stand for 9 days abt room temperature in a shtoppered
flask fithed %ith a calcium chloride tubs., During this time crystals
(A) were deposited and these were filtered of £,

The solution was treated as before,being poured ints lce-vold
water., The syrup formed wes baken up im ebher (300 mle.) and the
solution washed with scetic acld, sodium blearbonste solution and
distilled water,

Again crystals appeared duriug the washing. It was therefore
evident that ether is wnot a suitab;g solvent for the purpose,

After allowing the ether to evaporate off, the solid mass was
taken up in abé@tuta aloohol (SGO‘mLs,).by warming to 20° ¢, on a water
bath, Orystals (B» which formed when the solution waé ¢oolaed in an
exteranl ice bath, vere {iltered off, washed with iaa«éuld aleohol and
dried for U hours at 40° ¢, in & vacuum oven.

The ma%hef Ligquor was concentrated under vacuo ab 40" 0. and after
sooling,more srysbals (G) cews dowa. These Qer@ filtered off, washed
and dried ss before.

The filtrate was discarded, it being a yellow syrup similar to

that of the first proepevation from which triphenyl carbinol was obtained,



Apalypie of Fractiong,

Frachion Yield MeP, Rotation % Trityl
A 5 groms 1579-156%¢, - 89,60
16
B 16 grams 128° ¢, ] =+66,9 (C=0.5 in 47.90
: pyridine)
G 19 grams 131° ¢. - 60,5

Total yield: 40 grams (71.2% theoretical).
Caloulated for 6-trityl o -methyl d-glucoside, CogHnglys trityl = 55,77%

Caloulated for triphenyl cerbinmol,  GgH 40 trityl = 93.1%

Frastion (0) was recrystailiced from absolube ethyl aleohol (150 mls,)
Found: M.P, #1289 u,
kd:. ® +67,0° (C = 0,5 in pyridine)

trityl 3 48,1%

& methoxyl determination was carried out on fraction (B).

Found: Ole = 19,14

]

Caloulated for GpgH,g0g: OMe 7~1%
Galoulated for GygHyg0geCGsty0y o ¢ Ol + 0Bt = 19,5%

trityl = 48,1%

Helferich and B@ukerég report: M,P, ® 128%130° ., el = + 72.8°

It is therefore evident that both preparations of b=trityl
x =methyl d=glucoside contained 1.5 molecules of aloohol of crystal-
ligation,

In an attempt to remove the alcohol of orystallisation,a sample
(L grem) was dried in a vacuum drier at 70° C. for 14 hours.  The

melting point (128° ¢.) showed that the alcohol was still present.



The same sample was then dried for 8 hours in a on drier but again,

5
the melting point was 128° ¢,
Helferich and Beckerég reports M, 3 l5lm15206.; Rﬂﬁ ;*86,300.

when aloohol {ree,

4,
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METHYLATION OF 6=TRITYl = X=METHYL=d=GLUCOSIDG ,

6~TrityL~<meethyl~d-glucaeide (27 grauws, 0,05 mole), containing
L.5 molecules of aluohol of crystallisation was dissolved in wmethyl
iodide (60 mle., 0,18 wole) in a ground glass stoppered round bobtom
flask (250 wls,) to which was fitted o double surface reflux condenser
with a calcium ghloride tube attached. Bilver oxide (24 grews, .10
mole) was udderd hohrLy in 3 graw portions, by momentarlly Lifting the
ground glass stoppered veflux condeuser frow the flask,

The methyl iodide was allowed to reflux slowly by keeping the
water bath, in which the {lask was immersed, at a temperature of 45° G,
In order that the reaction be officient, the flask was shaken vigorously
at frequent intervals during the reaction time of 9 hours., The
methylation mixture was left overnight to allow colloidal silver to
gettle out,

The solution was then filtered, the silver residues beiung
exhaustively extracted with hot dry methanol end by refluxing with dry
Iehlcrofo&m, The vowmbined filirate and washings were then evaporated
to dryness at 40° G, under vacuum., The product was crystalline, but
gseemed to be mixed with a small amount of syrup.

After repeating the above process of methylation, a methoxyl
determination on the crystalline product was carried out,

Found: OMe = 9,5%

Caloulated for G=trityl 2:3:4-trimethyl < ~methyl d-glucoside,

GygHy 0 ¢ OMe = 25.9%

After a third methylation, a sample was examined.

Found: OMe = 18,0%



After four methylations, the crystalline material constituted
only 9 grams of the total product of 24.5 grams,
Bxamination of arystais,
Founds OMe = 18.2%
MP. = 95° « 96° ¢,
%] = + 64,60 (¢ = 0.3 in chloroform)
Examination of syrup.
Found: OMe = 27.4%
NS = 15525
This syrup orystallised on standing in a vacuum desgicaﬁer for 3
weeks, This product was recrystallised frowm acebone,

Found: Oie = 25.1%

trityl = 50,77
M.P, = 83% - 84° G,
Caloulatod for GpgHy 04 ;  OMe = 25.9%
trityl % 50,8%

Helferich and Beakaréz report: M.P. T 829 - 83Q C,

After six methylations, 2 grawms of crystalline product remained;

22,3 grams of fully methylated material were obtained.

Yield: 24.3 grams (95.1% theoretical)
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DETRITYLATION

A solution of 6-trityl 2:3:4-{rimethyl o =methyl d-glucopyrancside
(6.8 gramws, 0.014 wole) in chlaréfcrm (50 mis,) st 0° O, wae saturated
with hydrogen chleride, kep{ for ome hour each at 0° G, and 20° Uoyund
then eshaustively extracted with water. The combined aqueous extracts
were neutralised with silver carbonate and filtered. The soluble silver
was removed by saburating the solutlion with hydrogen sulphide, aerating
and {iltering,

Bvaporation to dryuness under diminished pressure at 350-400 C, pgave
a reddish=yellow syrup which was boiled with wmethanolic-hydrogen chloride
(14, 60 mls.) for 3 hours to effect glysoside formation, Animal charcoal
(0e5 gram) was added 15 winubes before the end of the run, The solution
was neutralised with silver carbonate, filtered before and after treatment
with hydrogen sulphide,and evaporated to drywess under reduced pressure at
359~4@D‘C. The product, a yellow syrup, contained a few crystals of
betrityl 2:3:4ftrimethyl < =methyl d=glucopyranoside which were separated,

Yield: 3.05 grans  (90.8% theoretical)

Found: OMe = 45,3%
ne = 1,4625

Pﬂgk* +119,5° (¢ = 0;24 in methanol)
Galoulated for 2:3:4~tfime£hyl o< ~methyl d-glucoside, Cloﬁgooég Do ° 52 .5%
A further amount of 6-trityl 2:3:4=trimethyl o< -methyl d=glucoside
(15,5 grams, 0,032 mole) was detritylated in chloroform(L00 mls.) satur-
ated with hydrogen chleride at 0° ¢, The same procedure as described was
used, |
Yield; 5.15 grams (67.3% theoretical)

Found: OMe = 46,3%
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OXIDATION OF 243 4-TEIWETHV], X ~METHYLGLUGOSIDE BY ACTID
POTARSIUN PERMANGANATE

To a solution of 2:3:4-trimethyl o =~methylgluceside (2.7 grams,
0.0L1 wole) in glaciel acetic acid (40 mls.), A.R. potassium permanganate
(L gme) dicesolved in methanol (4D mlg,) was added. The liquid was slowly
stirred at room temperature for 6 hours and é further amount of potassium
permanganate (3,2 gms.) édded in small poertions during 2 day-. Hethanol
(40 mis,) was added to the solution which was then gentrifuged until it
was apparently clear, The deposit of wanganesse ocides wae washed with
methanol until it no longer gave the naphtharesorginol test for uronic
acids.

& portion of a washing (1L wl.) was mixed with an equal volume of
concentrated hydrochloric acid and boiled. Three drops of a 1% solutioun
of naphtho-resorcin in 95% ethyl alcohol were added, the solution being
boiled for half a minute. After cooling to about 50° under a tap, the
solution was shkaken with benzens and a violet colouratien in the tep
benzene layer denoted the presence of glucuronic acid.45

The combined liquid and washings were svaporaied under dimiﬁished
pressure ait 250 G, to a syrup,which was mixeq with menganese oxldes.
This syrup was taken up in chloroform and filtered. After washing the
solution six times with 0,LlN sulphuric acid (50 mls.portions) and twice
with distilled water (100 mls, portions), it was dried over anhydrous
sodium sulphate. vvaporation under diminished pressure at 259 C. gave
a yeLiow syrup (0.32 gms.)

The washings were neutralised with barium‘hydroxide solutien,
fiiltered and evaporated touv dryness under diminished pressurse at 25% ¢,

The residue was extracted twice with chleroform, which, after washing



with water was dried over anhydrous sodium sulphate and evaporated to a
syrup (0.31 gns.,)

The above provess was repeated pr@ducing another 0,30 gme, of yellow
syrup,

The product (0,93 gms.) was dissolved in 2% methanolic hydrogen
chloride (100 mle.) and boiled under reflux for ten hours to effect ester
formation,  Animal charcoal (0.5 gm.) was added before the end of the
run, The solution was filtored before and after neutralising the excess
hydrogen chloride with silver carbonate,and then evaporated to dryness
under diminished pressure to a pale yéllaw SYTUp.

Yield: 0.85 gus. (28,24 theoretical)

Founds dg = 1.,4544

xloz + 42%° (C in water =0.63)
OMe = 54,9%
Caloulated for the methyl ester of 2:3:4=trimethyl < -methyl
d-glucuronoside, GyjHy0y: OMe = 58,71%

Hirst and Jones' report: ([, = + 31° (water); ﬁﬁ'“ 1,447

Calouloted for the methyl ester of 2:3=dimethyl o« -methyl
d=glucuronoside, Gqpif1g0ys OMe = 49 6%

swith? reporte: [«]®2 +76° (water); N5 = 1.4620

The impure mixture of esters (0.8 gms,) was not distilled, but
converted into a wixture of mmidéé by saturating a methanolic solution
with dry anmonia st 0° C. The solution was left for five days at 0° ¢,

and then the solvent was removed under diminished pressure.

.
0



Found : ;3= 1.4627

[“]1;6“ +105,4% (C = 0.21 in ethanol)
0Me = 46,3 |
Calculated for 2:3:4~trimethyl « -methylglucuronamide,
GyotygOgN:  Ole = 49.8%

Smith? roports: [@{If‘sﬂ._’,‘)e (in water)

Caleulated for 2:3-dimethyl <=methylglucuronamide,

39H1906H: Olle = 39461

All attempte to crystmllise this yellow syrup failed,



ORIDATION OF 2:3:4=-TRIMETHYL o< ~METHYLGIUCOSIDE BY
ALKALYNE POTASOIUM PRRMANGANATE

2:3:4-Trimethyl o =methylglucoside (4.35 gus,, 0.018 mole) was
dissolved in water (200 mls,, containing potassium hydroxide (2.18 gms,)
To this solution,a solution of potassium permanganate (6.00 gms., 0,038
mole) in water (400 mls.) was added in portiouaiever ten hours, The
volume was adjusted to 850 mls., and the oxidation allowed to proceed
at room teuperature for three da&s. The mixture was then treated with
énimal charcoal (L gm.), warumed to 50° G, on o water bath, filtered and
neutralised with carbon dioxide. The filtrate was evaporated to dry-
ness under diminished pressure. Extraction of the residue six times
with boiling methyl alcohol gave a colourless glassy solid (5.1Y gmé.)
conaisting walnly of the potassiuvm salt of 2:;3:4-trimethyl methylglucur-
pnoside, This potacssium salt was converted luto the corresponding
methyl ester by boiling it under reflux for ten hours with 2% methanolic
hydrogen chloride (200 mle,) Animel charcoal (1 gm.) was added ten
minutee before the snd of the run. After filgering, the solution was

neutralised with silver carbonate, filtered agein and saturated with
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hydrogen sulphide. Aeration of the solulion expslled the excess hydrogen

sulphide, Golloidal sulphur was absorbad by the addition of animsl
charaoal which was filtered off. The filtrate, after evaporation te
dryness under diminished pressure gave a pale ysllew eyrup.

Yield: 4.35 gus. (87.4% theoretical)

This syrup was distilled under high vacuum into three hoiling-
puint fraciions.
Fraction I.

Yield: 1,00 grams of cvolourlees syrupe.



. A oo .
Fouwd : BpP, = 809~99 G@/0¢005 it

no = L4470
[y = +31.1° (G = 0,6 in water)
OMe = 57.4%

Galeulatoed for the methyl ester of 2:3i14-trimethyl
o¢ =mebhylglucuronsside, Cy3Hyq0: OMe = 584 7%
Hiret and Jones'l repert: B.P. 140°/0.002 wm.; 0 = 1.4471

e, = + 31° (water)

Fraction II
Yield: 1,02 grams of colourless syrup,
Found: B.P. = 105%-110° ¢,/0,005 wmm,
NP = 1,4572
OMe * 53.9%
This fraction was methylated using Purdie's reagents, Hethyl
(10 mls,) and silver oxide (5 grauws) were used, the procedure being
identical with that described previously.

Found: OMe = 59«4%

Progtion IXI
‘Yield: 0.15 grams of colourless syrup.

Found B.P, = 150%.160° G./0.0l Tt o

0= 1,4616
fody = +75,2° (C = 0,55 in water)
OMe = 49,24

Caloulated for the methyl ester of 2:3~dimethyl « =methylglucuronoside
G H1g0g: OMe = 49,6%
suith? reports: B.P. 2 145°-150° 6./0.02 mn.; [e5= +76° (in water);

n% = 1,4620



HYDROLYSES QF THE WETAYVL ESTER OF 23 s4+«7RIMITHYL
X -METHYLCLUGURONOSIDE  (FRAGTION I)

A golution of the methyl ester of 2:3:4-brimethyl wethylglucuronoside
(0.88 gus., 0,003 wole) in N-hydrochloris acid (20 mls.) was refluxed on
the boiling water bath fopr anine hours, The selutilon, which hadﬁxﬁf=+38@
initially, now had (%= + 60° {constant valu&)i The rotetion increased
steadily up to ¥ =+ 57° after five hours, after which 1% remained
pracbical ly vonstant. After neubralising the excess hydrochloric agid
with silver carbonate, the sclublon was filtered, treated with hydropen
sulphide, asrated and filtered again, Evaporation to dryness under
diminished pressure at 35%°-40" G, gave a colourless viscous syrup (0.65
gms,) which was reducing to Fehling'e solution and reasted acid to
Gongo=red paper,
| Vield: 0,67 grams (85.2% theoretical)
Found ¢ le?“ + 54% (¢ =« 0,5 in water)
N¥e 13,4695
Oite = 38.5%
Oaléulat@d for 2:3s4=tpinethyl glucuronic acid, 69ﬁ1607:
OMe = 39.4%

Jon@sl4 reporte:‘ﬁﬂlsD =+ 50,4° (in watoy); Ozf 21,4710,

56.



OXIDATION OF 2:3:4-TRIMETHYL GLUCURONWIC ACID BY BROMINE.,

To a solution of the syrupy 2:3:4-trimethyl glucurenic acid (0,65

gms,, 0,003 mole; in water (50 wls.), bromine {l.l mls., excess) was added,

and the mixture kept at room temperature for one day and then at 60° ¢,
for eight hours. The excess bromine was removed from the solution by
aeration., The solution, which contained sowa hydrobromic acid, was
neubralised with silver carbonate, filtered before and after treatment
wilth hydrogen sulphide and evaporated to drynese under redused pressure
at 25° ¢,  The syrup produced, (0,54 gma.) rescted acid to Congo-red
paper, and was non-reducing to Fehling's solutien,
The mcid was esterified with dimze methane (0.2 gus,) in ether
(50 mla.) at 0% ¢, for twenty houre, Kemoval of the solveant produced
a yellow syrup (0.50 gms.) conbalning s large proportion of pale yellow
erystals, some of which wers separated snd recrystallised from ethanol,
Yield: 0,50 guma. (73o2% theoretical)
Found: M.P. = 112© ¢,
gg = 1,4538
bcg = +10° '(C = 0.24 in sthanol)

Ote  ® 51.1%

5T

Caleoulnted for the methyl sster of 2:3:4=%rimethyl §-snccharolactone,

CygHygOps OMe = 50,09
Hirst nd Jomes'! report: 1.P. = 110% B4y ® +102° (4n othanol)

Ny = L.4600

Hirst and Joneset? repert ¢ ﬂf = 1.,4545 before disbillation of the ester;

M.P, = 112° C. after distillation.
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Amide Formatioen.

Bevause of the loss due to décgmpositisn and charring,’and since
the sampie uns already 5ufficientiy pure, the methyl ester of 2¢3i4=
triméthyl 8 =sapcoharolactone was not distilled but cenverted to the
awide. This was effected by dissolving the methyl ester (0.44 gms.
0.0018 mole) in wethanol (25 mls, ), and saturating the solution at 0 C,
with ahmonia dried through soda=lime and potassium hydroxide, The
stoppered solution was left at 0% C., for two days. On removal of the
methanol under reduced pressure at 25° G., a visoous, opaque, buff
coloured syrup was produced,

Found; OMe = 45,1%

L2 = 79.4° (C = 0.84 in ethanol)
Galculated for 2:3¢4=trimethyl saochardiamide,‘ G9H1806N2=
OMe = 37.2%

This syrup was treated with methanolic ammonla for a further five
days, |

The resulting yellow syrup was taken up in ethanol which was

allewed'to svaporate off siowly. AMter five weeks eome hydrosusopic

e L

crysﬁaLs“wérevaépuaited o1 the side of the srystallising disgh.
s
Analyele showed:-

OMe = 37.8%
<0 = 66.7° (G = 1,0 in.ethanol)



ANALYTICAL MBETHODS

UANTITATIVE DETERMINATION OF TRITY, GROUPS.93

The trityl groups in a cowpound can be determined by their
conversion to triphenyloarbinel, A weighed sample is dissolved with
careful trituration in the minimum amount of sulphuric aegid (sp.gr. 1.84),
This solution is poured quickly into distilled water (50 mls.) and allowed
to stand for 30 minutes, The triphenylcarbinol is collected on a
welphed sinteredvglams crucible, washed with distilled water, and dried
at 110° 0, %o constant welght, By using the appropriate factor, the

results are expressed as percentage of triphenylma%hyL Zroupsd,

SEMI=MIC RO METHOXYL D@TER@INATIDN.94

The methoxyl groups in‘a compound can be determined by their
indirect conversion te silver lodide, When a‘Weigh@d sample is heated
in hydriedicv acid, the methoxyl groups are converted to methyl iodide,
This is swept by a stiream of carbon dioxide, through a trap conitelnigyg
red phosgphorus and water to remove hydriodic acid, into aleoholic silver
nitrate where silver iodide is precipitated. The silver ledide is
gollected on a welghed sintered glases ogrucible, washed with distilled
water, and dried at 110°% . to constant weight., By using the sppropriate
factor, the resulls are expresased as pefcentage of methoxyl groups.

A modified form of Zeisel spparatus was used, and the determination

carried out sccording to the usual Zeisel procedure.

THE LIBRARY
UNIVERSITY OF CANTERBURY
CHRISTCHURCH, N.z,
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