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JUIRODUCT IO

Further studies on the Structure of
Agar=Agar,

Considering the great advances made in the

elucidation of the structure of many of the
polysaccharides it is very surprising that until
recently s0 little was known about the fundamental
structure of Agare-agar. A vast amount of work

has been c¢arried put on this very complex substance,
but, owing to the very conflicting nature of these
earlier results, no definite conclusions could be
reached as to its constitution,

It was assumed during the last centuxy
that gelose or d-galactan, the carbohydrate pectine~
like basal principle of agar, gave to the latter
its jJellifying properties and this has proved the
basis of many investigations, Payen (1) was the
first to extract this substance from algae and, from
its characteristic property of forming gels and its
similarity to the pectins, he called it gelose,
assigning to it a formula Cgl, o0y, but in 1875

Reichardt (2) identified the carbohydrate prineiple
as parabin (C;sHz30:11)s & substance which had

previously been prepared from carrots and beetroots,



In 1882 Greenish (3) found egar to be
non*reducing to Fehling's solution and not fermente
able by yeaats,even after hydrolysis with sulphuriec
acid, and assigned to it a formula, 4CgH;o0g*HgOs
He obtained seven carbohydrate~like compounds by
various treatments of "gelose", while lorrin (4) ;
- detected oxalic and muecic acids on treatment with
dilute nitric acide A few years later Bauer (5)
identified the carbohydrate residue as a galactan
already obtained from lucerne seeds and va¥ious
non~starchy plants (CgH,o0g)e Cran (6), working
with bacterial cultures, showed that the gelose must
consist of two carbohydrates, one preducing a violet
colour with iodine and used as a nutrient by bacter:.aj
and the other showing no ¢olour redction with the

sama reagent,

From these early investigations it was cone-
. eluded that the substance which is chemically the baae~
al prineciple of sgar and to which the latter owes |
its jellifying property was a degalactan, although
the presence of s large number of different sugars
has been ;tportod amonget the hydrolysis products of
egar which has ndded greatly te the existing con=-
- fusion,

The presence of 337 galactose was furst

reported by Kénig end Béitels (7) ueing the mucic



ale

aeid method and was substantiated by Liidtke (8)

(30 » 407) using the mucic aeid method, and also by the
isolation of galactose methyl phenylhydrazone,

: Arabinose and glucose were reported by Greenish (3),

' lactose and a mixture of gluccses by Tollens and
Bourgecis (9), pentoses and methyl pentoses by
several workers Reichardt (10), Seber (11), Takao (12)
- and Matsui (13), the latter two workers showing also

| the presence of a ketose,such as fructose, and

E Furuichi (14) stated that a uronic acid was present.
Liidtke (8) also roportcﬁ on agid hydrolysis, the

. presence of a nonereducing hexose and an acid which
 appeared to be laevulinic acid,and denied the presence
j of a uronic acid, a finding supported by Takahashi

~ and Shirahama ('15).

| During this time several workers had re-

. ported the presence of sulphur. - Neuberg and Ohle

(16) studying the effeect of cocrtain reducing bacteria
on agar obtained hydrogen sulphide gas and detecting
the presence of 1,27 of the element postulated that
agar contained a sulphate resfidue, Samec and

- Beajevié (17, 18) suggested alao that agar was a

- sulphuric ester of gelose, the sulphur being in

- organic combination,shown by the above bacterial

aoction end the sulphurie acid set free on hydrolysis,



afe

‘the bonds being so strong that neither dialysis nor
:olectro-ﬂxalynia wag sufficient to separate them, It
‘was shown in the next year by Fairbrother and lestin
2(19). from work on agareash, Shatl even in the presence
iof dilute acids all the sulphur could be liberated as |
' sulphuric acid. VWhen agar was heated altemately

with dilute hydrochloric acid and water they obitained

an ashefree gel which, however, eould not be heated
‘without hydrolysis occurring, and which did not set

te a gel again on cooling; 8o Fairbrother and Mastin .
(13) poastulated that sgar consisted principally of th.i
caloium salt of an scid sulphuric ester, This was
 corrovorated by Hoffman and Gortner (20) who showed
'also that all the sulphur was in the form of sulphuric
a¢id, that sole of the free agar~acid did not gelatinise
on eouvling and tuat hydrolysins occurred when agare i

| acid sols were heateds They stated that the gele i
formation of agar was dug to the gelation of a salt i

- and not of a complex polyseccharide.

| Later investigantions by Tekahashi and Shirshomn
(18) showed that native agar, on hesting with water

' at 130° under preassure, aplit up intc two fracticns

' separable by their solubilities in water, called 5-

' and A-hydrato kantenic acids to differentiate them

from the agar=scid of Hoffman and Gortner (20).
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The &-form (0.3% Sulphur) was insoluble in water
while the A\-form (2,17 Sulphur) was obtained from
aqueous solution, both forms containing 33+39% of a
carbohydrate, 1o uronic acid was found in eithey
modification although a trace of pentose was present |
in the soluble form, | |

Neuberg and Schwietzer (21) showed that agay
could be separated by simple extraction with cold
water at room temperature into two fractionas, The
goluble portion (10%) contained the sulphate miduoa;
(5% Se) and could not be induced to form a gel while
the insoluble portion (90%) was found to be free
from sulphur and to possess the s ame power of gele
ation a8 untreated agar, Sinee in the experiments
casried out in this laboratory the sgar used had |
been subjected to a thorough washing with water the i
results are only applicable to this insoluble porﬂmf
of Neuberg and Schwietzer which is considered to be |
the essential carbohydrate of agars |

In addition the position had been further
complicated by varioue workers investigeting the
portion now known ag ager-ashs For example, ?orbu.é
Beagle and Mensching (22) showed the presence of
sulphur, calcium, megnesium, sodium, potassium,
chlorine and puosphorus, and even arsenic wes



' peported to be present (Leroide and Tassidy (23)).

It was not until 1936 that an advance wan made

| in the elucidation of the structure of agar by Pirie, |

| (24) who reported that he was unable to acetylate the f

| polysaccharide by the milder methods of acetylation,using
pyridine and acetic anhydride, or with acetic an= |

- hydride in the presence of sulphur dioxide, chlorine,
 hydrochloric aecid or zine chloride,but by the !

| acetolysis of agar, using acetic anhydride in the

- presence of sulphuric acid, he obtained orystals of
heptaacetyl = dle galactose, showing that a portion
(2%) of the galactose in agar existed in the £-form,
- He nlso showed that if acetylation preceded complete
- hydrolysis he obtained heptaacetyl -~ dl= galactose,
whereas if the sequence was inverted,or if the agar
- was subjected to such mild acetylation that complete
. hydrolysis did not ensue, he was unable to obtain

| the heptaacetyl galactose but isolated crystals of the?
pentacetyl dl=- galactose. Pirie postulated that |
thie formation of the heptascetyl compound indicated
that in agar the dl~galactose occurs as the

aldehydic or straight-chain form and not in the

form of the usual furanose or pyranocse ring, a

condition which would explain the formation of the



| yields were low and unsatiofactory (0.8%).

pentagetyl derivative, when hydrolysie preceded
agetylations This worker also eonfirmed the
presence of legalactose in agar by isolating this
sugar after suitable treatment, from the produtts of
hydrolysis using galactose~trained yeasts,but the

Meanwhile Percival and Sim (25) in Edinburgh had |

. succeeded in protecting the free hydroxyl groups by

agetylation with acetic anhydride and pyridine to
form a chloroform=soluble agar acetate (CHgCO, 39%).

|
|
. Deacetylation of this compounded yielded a substance ‘
|

' to all appearances identical with the original

polysaccharide, indicating that no decomposition had |
taken place during the acetylation processs The l
regenerated compound formed a gel under the same
conditions s untreated agar and it contained no
sulphurs, This result is in agreement with the
subsequent findings of Neuberg and Sehwietzer (21)
{s8s that the gel formation in agny was due to a
com:blex polyasaccharide and not to the gelation of a |
salt, in contradistinction to the findings of Hofmi
and Gortner (20).

Simultaneous deacetylation and methylation with
sodium hydroxide and dimethyl sulphate yielded
a chlorcformesoluble methylated agar (OMe, 32%)



I(Percivnl. Munroe and Somerville (26) and Percival
and Somerville (27)), which was then hydrolysed with
' 6% sulphuric acid followed by treatment with methyl-
alecholie hydrogen chloride to yield a syrup giving,
on distillation under reduced pressure, three
fractions,
(a) An optically inactive mobile ester.
16%.
(b) Crystalline trimethyl methyle
galactosides, 657,
(e) A syrup. 14%,

Fraction (a) was recognised as laevulinic ester,

' and the crystalline compound (b) was found to be
28 4 3 6~trimethyl methylgalactoside., Proof of the |
'lfractuxo-ot this compound, which gave 2 ¢ 3 5 4 § 6~ |
- tetramethyl galactose anilide on methylation and
 subsequent suitable treatment, depended on oxidation
' methods and the comparison of properties of
derivatives with the already lmown derivatives of
233248 «andd t 4 Gotrimethyl methylgalactoside,
Dr, DsJs Bell (28), working in Cambridge, recently

syntheaised 2 3 4 ¢ 6-Trimethyl galactose by a method

'Ihieh leaves no doubt as to its structure, vis,



4 3 geBenzylidene 2emethyl Semethylgalactoside —»
4 : gebenzylidene 3-p=toluenesulphonyl 2emethyl Se
methylgalactoside — Jepetoluenesulphonyl 2*methyl
_ /3-unthrlsalaatosido-——- Jep=toluenesulphonyl
2 ¢ 4 & 6etrimethyl Semethylgalactoside =2 & 4 : 6=
trimethyl 4 «methylgalactoside —= £ § 4 I G=~trimethyl
- KX «galactone,
| A copparison of specific rotations, mutarotae
tions, melting+=points and mixed melting=points,
confirmed the work of Percival and Somerville (27).
In this portion of the agar molecule d=galactopyre
anose units are therefore linked by positions 1 and
3, and not by the usual 1 : 4 linksges a8 in starch,
glycogen and cellulose or 1 ¢ 2 linkages as found |
in Imulin (29). 1 ¢ 3 linkages have @ince been
found in damson gum by Hiret end Jones (29) and
in the galactogen of the edible snail, Helix pomatia,
by Baldwin and Bell (30). |
Somerville (31) postulated that owing to the
negative rotations of agar derivatives, diarogarﬂins'
the other components of the molecule, there must be
a preponderance of S=glycosidic linkages and the

structure, by recasons of geometry, rust consist



of either a closed ring of eix units or a staggered
sig~seg chain which, taken in comparison with the
atraight chains of the other lmown polysaccharidesa, |
may have some bearing on the question of gal_rcmue#-
This thesis is concernmed with a further examine
ation of fractiom (C), the nature of which was not
decided upon by sSomerville (31) owing to lack of
material although, from its general properties, it
was considered to be a ketose derivatives
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DISCUSSIGN OF RESULTS

The hydrolysis of methylated agar (OMe, 32.4%)
with 2% methyle~alccholie hydrogen chloride, as shown
by Somerville (1), yielded three major fractions on
distillation in a high vacuum.

(A) A white crystalline compofind, bath temp.b.p.

 126-165°/ .01 mm,
(B) A light yellow syrup, bath temp. 145-175°/
| +01 mm, |
(C) A restdual syrup.
(In every distillation described in this thesis the
recorded temperature represents the bath temperature.)
| The residual syrup, which distilled at 210°/,01lmm,
' was rehydrolysed with 2% methyle-aleoholic hydrogen
| chloride yielding two fractions,

(A) A white crystalline compound, 135-145°/.,01 mm,,

(B) A light yellow syrup, 160~175°/.01 zm,,
' 8imilar to the corresponding fractions from the
initial distillation, showing the residue to be an
intermediary stage in the hydrolysis,

The crystalline fractions consimted mainly
of the 2 : 4 ¢ 6-trimethyl methylgalactoside of
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Percival end Somerville (2) and, from the rotatiens
[s]fca. + 60° in ehloroform, are clearly mixtures of
. the s~ and Seforms, The crystals obtained had
~ [8)7+ 62° in culeroforn and (s]"+ 79° in water and,
| on reegystallisation from light petroleum, showed
| mepe 66°C and (a)°+ 105° in waters A very small
amount of erystalline material myp. 106> (OMe, 81%)
was algso cbtained and would appear tobe 2 & 4 » 6=
trimethyl f-msthylgalactosides DBell end Williamson
(3) eynthesised 2 § 4 § Getrimethyl semethylgalactoside
(6] 164° in vater (C, 049), mepe 73+74° (large
fluotuations (20°C) in the melting point were
obtained on agcount of ite very hygroscopic nature)
and 2 3 4 3 S-trimethyl Semethylgalactoside m,pe
113112° and (a]" #41° (C, Ba0)s

Difficulty was encountered in freeing the |
syrupy fraction from the trimethyl methylgalactoside
by distillation but this was effected to a great
extent by refluxing many times with light petroleum
until the residue gave ne changs in rotation on |
subsequent extractions. A yellow syrup, Olie, 40.4%,
(#)°#22° in ohloroform which gave & very strong
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seliwanoff test (4), was obtained} this syrup was
distilled, giving two fractions, the properties of
which,however, appeared to indicate that no aigni.ﬁ.ca*)t
separation had been effected. |
(1) 165- 170° / .03 mme n7 1.,4691, OMe,

4043%, (] = 21° in chloroform, !

(2) 270 = 178° / .04 mme, n°° 1,4633, OMe,

40.4% ()7 = 24° in ohloroform. |

It has been shown later that this sypupy fraction |

(B) sctuslly contains at lesst two comstituents, whioch
[

cannot be separated by emtraction or distillation;
namely a methylated methyl-degalactoside and a
methylated anhydro methyl-f-galactoside. Thie
oyrup ((a1 +22°) was methylated three times with
methyl iodide end silver oxide, end the resulting
eyrup was distilled funder redused pressures A
clear colourless oil was obtained which partly
crystallised on standing, The crystals were |
removed by tiling the mixture and the syrup, |
extracted from the porous tile, was remethylated. |
No further crystals were obtained showing that three |
Purdie treatments were sufficient for complete |
methylation,

Surther yields of the orystals were obtained
by methylation of the syrup remaining after re=
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crystallisation of the trimethyl methylgalactosides
and the syrup removed by the petroleum extractiona
of fraction (B), representing a presence of oa.
11+5% in methylated agar.

These erystals, first isclated by Somerville (1)
woré nonereducing, me.p. 82°, b.ps 85+90°/ 05 mm.,
[«]"+ 78° in water and («°+ 88° in ehloroform
(Somerville reports mep. 81° and [u]‘:.i' B87° in wutar).i
The fagt that this compound gave the Seliwanoff i
reagction, taken in eongmtim with the high yield
of laevulinic aecid obtﬁned on the hydrolysis of '
methylated agar with aqueous sulphuric acid,end its |
composition CglipOs (OCHg )y Shown by analysis, it
was predicted by Somerville (1) to be a dimethyl
anhydro methylketohexoside, This subastance was
exceedingly easily hydrolysed by dilute mineral
agid,thus similating a furanoside., On account

of the small amount of material available however,

the constitutional studies could not at that time
be completed, but a tentative formilation as a |
dimethyl 3 ¢ 6 anhydro=ketofuranoside was proposed.

e
“'"-—fll (Oxe)

CH
0

|

m-\l



Oxidation, followed by esterification and
amide formation, supported this view since no amide
of dimethpxy succinic acid was obtained and a pinee
wood splint test, in comparison with digitoxose,
appeared t o remove the pou:hilitx of tue precence
of a 2edesoxy sugare

Accompanying the erystalline fraction was the
mobile liquid which appeared to be in the main a
fully-methylated methylketoside,in that it gave
a positive ketosec reagtion. On the assumption
that this substance was related to the supposed
dimethyl anhydro-methyl=ketoside and since it could
be obtained in larger quantity, it was decided to
inveatigate it first and, at the same time, to
accurnulate more of the crystnlline material.
Prolonged investigation by the welletried oxidation
methods of Avery, Haworth and Hirst (5) failed to
ré8veal any clue to its structure, complete breakdown
of the molecule resulting.

Attention was therefore turned to the crystall*
ine dimethyl anhydro=methylhexosides The hydrolysis
with hot dilute mineral acid and with oxalic acid
not leading to well defined products, the method
applied by Peat end Wiggins (6),who had shown that



2 § 4~dimethyl 3 ¢ 6-anhydro f-methylglucoside
behaved like a furanoside in its ease of hydrolysis,
was employeds Their method for the hydrolyasis, 1.0€e
by treatment with cold N+= sulphuric acid, was
attempted and it was found that the glycosidiec group
was smoothly eliminated at room temperature in 24
hours to yield a free dimethyl enhydro sugar («] :a 230,
| Owing to the faet that a synthesis of 3 ¢ 6=
- anhydro a*methyl-galactoside had been worked out .
by Ohle and Thiel (7),4it ceemed an easy matter to I
obtain the corresponding dimethyl derivative and
since, disregarding the Seliwanoff reaction, there
was a chance that the anhydro=sugar might be a
galactose derivative, it was decided to attempt the
preparation of the 2 § 4 ~dimethyl 3 : 6~ anhydro
! ¢ =methyl -~ 4 = galagtoaside for purposes of
comparisone
The synthesis was ca@ried out in the following
. manmerie
d=galoctose
diacetone J-galmtoso
6-p-toluenonu1phmfy1 diacetone galactose
ﬁ-p-toluoma‘ulphonyl B = galactose
s-p-tolueneaulphon‘yl «= methylgelactoside

b
3 & 6=anhydro a-methyl = d= galsctoa~
! ide.

2 ! 4~dimethyl 3 ¢ 6~anhydro a=methyl degalactoside.
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The G=p=toluenesulphonyl diacetone galactose of
Freudenberg and Hixon (8) was treated with a migture
of glacial scetic acid and 507 acetic acid, forming
mixture of a= and feforms of 6+p=toluenesulphonyl
galsotose, the p»form being obisined om oxyoialle ,
isation from water and the a=form from alochol, The
| feform was treated with 27 methylw-alecholic hydrogen
chloride, which converted it to the G-p~toluenesulphonyl
wemethylgeloetoside, the tosyl group removed from the
latter with hot sodium hydroxide solution, and the
resulting 3 ¢ Gesnhydro semethyledegalactoside, meD.
- (not re¢rystallised) 135e137° and [az]20 4+ 78° in mur.'
was treated three times with Furdie's vesgents. The j
2 3 4=dimethyl 3 ¢ G=anhydross=methylgalactoside was
obtoined aa en oil, DeDs 90°/405 mme, n) 14464, [a]
+ 75° in water and [alf + 87° in chloroform, having
almost identical rotetions and boiling point with those
exhibited by the erystelline materialj it was also
' found that the refractive index of the superfused
orystalline subetance, n 1.4402, correspended uloaul.;y
with tligt of the oily synthetic material at the same
| #emp;ratuu (-°1.4412), It was found, moreover, that
both 3 ¢ G=anhydro a-methylgaloctoside and 2 & 4«
dimethyl 3 & 6~anhydro c-methylgalactoside gove
- 8trong ketose tests according to the Seliwanoff
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| reaction 80 theat the test is ¢learly not amirie

for a ketose and the poesibility that the natursl
substonece was an anhydro aldchexose could not be
exoluded, although it could not be the 2 ¢ 4=dimethyl
- & & G-anhydro femethyleglucoeide of Peat and wWiggine |
(6) (o)’ 1.7° in chloroform.) In apite of the
faot that the specific rotations in ohloroform and

. water were similay for the natural and the synthetic
compounds it was impossible to induce erystallisation |
in the 2 ¢ 4~dimethyl 3 i 6~anhydro a=methyledegale
. actoside on seeding with orystals of the natural |
. materisl,end the remson was soop apparent in that,

. although hydrolysis with Nesulphuzic neid was cmlnd
in 24 hours, the final rotation was (acl + 220 instead
of the =23° of the natural product, Thus, although
the general properties were not inconsistent with it
being & 3 & Ge~anhydro aldohexose, it was clearly not
derived from 3 §} Geanhydro de=gnlactoné.

The experiments of .. Pirie (9) in 1936 had
shown that a proportion (12%) of the galactose cone
tained in agar was fegnlactose and his isolation of

hepta=acetyl dl-galactose has been confirmed in this
laboratory{10) 8ince he considered that the latter
compound oann.ot be prepared by acetylation of the
free galnagtose containing a pyranocse ring, he postu~
lated that the golactosd existed in ager in the
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| straight chain form.and supported this by showing

. that heptascetylederivatives were cbtained when

| agetylstion precedes hydrolysis breskdown, and pente
| acetyl compounds when the reverse is the ¢ase, It
was thought that the presence of heptancetyl =dle
golactose might be dus to experimental eonditions
and Preudenberg and Soff (19) examined tetrascetyl
methylglacosides under similay conditions of
agetolysisl these authors were unable to isclate
more than 2% of heptasecetyl gluccse although rotations
seemed 0 indicate the presence of as much as W07,
| Hicheel and Rubkopf (20) with their work on heptae
- acetyl mompounds, have provided ancther possible
course of reagtion, that there is an inner aldol

| eondensation with the formation of a cyelohexane

| (inositol) derivative fcllowed by an ethylene oxidd
ring olosure which, on opening, would give an

. inomeric aldehyde, They were unable to isolate the
| earbocyblic compound, but, as the latter would be

- inesgtive, it would explain the presence of a racee~
 mates It is clear, therefore, that Pirie's claim
- that aldehyéo galaciose iz presemnt in the agay

' molecule must be token with reserve but, aport from
the production of Legalactose from hydrolysed sgar,




after suitable treatment, using trained yeasts, he
showed by the imolation of Legalactose-pentasetnte
that fegolactose was undoubtedly present in agars

The faot thaet the rotations of the free sugars |
derived from the naturel dimethyl anhydzo methyle
hexcside ( «23°) and the 2 3 4«dimethyl 3 Guanhrdroé
a~methyledegalactoside (+ 22°) ave approximately
equal and opposite, although elearly possibly
fortuitous, would have a significance if the natural
subetance were & derivative of 3 ¢ c-mhydrcbi-galaetiena.
This hypothesis could be readily tested by the |
synthesie of the only posacibie enantiomorph, vism.? |
2 ¢ 4~dimethyl 3 § Geanhydroe§-methyledegalactoside,
since the a=galsctoside had proved to have properties
not ocomaistent with this view,

Owing to the elaborate preparations necessary
for the synthesis. of Legalactose,and although it
has beer found in natuve among the products of
nwﬂrélytil of two plant materials (18),an4 flaxseed |
mueilage has been shown by Anderson (13) to be an
tmproved source of the sugay, ths emall yields (67),

and the intrieate separations required, sxcluded

' the possibility of synthesising the suspected 2 § de

dimethyl 3 ¢ Geanhydro=fsmethyl=fegnlactonide,



The free dimethyl anhydro-sugars, spnthetic (+ 83"&

and natural (= 23°), unfortunately could not be
'Mmd to erystallise and attempts to prepare :
‘erystalline anilides for comparison were complicated hyl
the faet that tarry products were obtained at first,
‘although subsequently crystalliine derivatives were
isolateds In a later stage of this research,

however, during the removel of anhydride from the
_I“knton" fraction by hydrolysis with Nesulphuriec acid |
!(Psﬂ 2), crystals of the free 2 : 4~dimethyl 3 & 6= ‘
!amvdro l-galactose were obtained giving mepe 118°, |

and (s]°~21° in water (cs 1.3).
i At this stage of the rescarch a private

communication was received by Dr, Percival from |
‘Professor W N, Haworth FuReSs to the effect that a
publicetion was about to appear from Birmingham on |
the subject of agar,and it was decided therefore to |
send a preliminary note to "Nature' {14) outlining |
|tho work just deegribeds “hile this was in the '
press an important letter by Hands and Peat (15) |
‘appeared in 'Chemistry and Industry'! recording the

isclation of the same dimethyl anhydroemethylhexoside
from hethylated agar by a ¢losely similay process 1
to that which we followed and by the methy.ation of
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3 & 6-anhydro a-methylgalactonide a crystalline sub~
stance had been isclated which appeared to be the _
enantiomorph. This was conoluded on the basis of |
the melting=points, mixéd meltingepointe and rotauml
and an Xeray investigation also confirmed that the |
substances were monomerie. Further support for the

. view that the substiance isolated from agar was
| gerived from 2 : 4de~dimethyl 3 iGeanhydro=Legalactose

 and a mixed melting-~point of the two sugers of 100~

the possibility under consideration end their results
on the major issue must redeive priority.

was furnished by the isolation of erystalline 2 3 4~
dimethyl 3 § G-anhydro=z~degalaotose, mspe 115°, and
(«]°+21° in ailute sulphuric neid (esles for the free
sugar), compared with m.ps 114°, and [a]f-aa' in
dilute sulphuric acid for the natural derivative,

107°3 @0 the publicution of Hande end Peat confirmed

At the same time it was obviocus that the sube

. stance deseribed in "Hature' hy Pereival, Somerville

and Forves (14) as 2 & 4edimethyl 3 § Geanhydfo=a=
methylgalnctoside,as an 0il, beps 90°/,00 mm,,
n'%" 1,4641 and [«])’°+ 87° in chlorofory,had propers

D

ties which did not agree with the substance m.ps 82°,

\«15 =87° in ehloroform, desoribed ms 2 ¢ 4~dimethyl



33 a-mhydrc-ﬁ'mthylgmetmiaa by Hands and Peat
(18),and the probability was that either the substance
we descrided (14) was the J-form, or as seemed more |
likely from the specific rotation quoted by Hande and
Peat, taken in comparison with the rotation of

3 ¢ 6-anhydro=a*methylgalactoside [s]':.* 84° in water
(C,0482) and 2 & 4edincetyl 3 ¢ Geanhydro=-c-methyle
galactoside )° + 59° in ehlovoform (C,1.74) (7)y
that Hands and Peat had described the feform and that
it would necesearily folloew, therefore, that the |
substonce isoclated from agay was 2 3 4=dimethyl 3 3
é=anhydro=f=methyl~Legalactonide,

It was therefore desirable to attempt the -
synthesis of 3 ¢ 6-anhydro S~methyledegalactoaide
whieh had never been deswribed,but the isolation |
of 2 8 3 § d~triacetyl Gepstoluenesulphonyl galactose
@~lebromide by Ohle and Thiel (7) was the obvious
mode of =2pp roach,as it is well lmown that a=glucosyl
bromides underge Walden inversion om © on treatment
with silver oxide and water or silver carbonate and
moethyl alcohol (16).

The synthesis was carried out as belowt



d=galactose
dimot*mo galactose
6epetoluengsulphonyl diacetone galactose
é+~p=toluenesulphonyl galactose
Tetrascetyl G6-p~toluenesulphonyl «-galagtose
2 % 3 t4etyiacetyl leolmnulpnwl awdegalacts
cse lebromide
2+ 3 % 4=triecetyl 6-p~toluenesulphonyl pemethyle-
3 § G6eanhydro=f=methyl ~d=gnlectoside
2 § 4~dimethyl 3 ¢ Wro«#mﬂw&.ﬂd-@lwtmﬁe

walden inversion was brought about by the treatment of

the triacetyl 6-petoluenesuiphonyl a=degalactosyl |

lebromide (meps147° and (a]’"+ 151° in chloroform)

with methyl aleohol and silver carboenate, yielding &

glase, [u];"?-a* in chloroform, which appeared to be

2% 3 1 4etriscetyl 6=pstoluenesulphonyl femethyle
galactoside, followed by deacylation, yielding a

| erystalline derivative which, by ita propertlicn,

(meps 118°, [a]’+114° in water and Ole, 17.0%) was

elearly 3 ¢ G~anhydro=femethylgalactosides (c.fe

meps 139° end [a]::l- 84° in water obtained by Ohle

end Thiel (7) for the corresponding 3 ¢ G-anhydro

a=methylgalactoside. )



This substance was converted by methylation with
 methyl iodide and silver oxide into 2 3 4-dimethyl

3 & @-anhydro=f~methylgalactoside, which crystallised
gpontaneouslys In appearsnce it was identical with
the product obtained from methylated sgar and had an
identical melting point 82°, end [m];"'-??“ in water
and \'_u]:"a-ﬂe“ .in chloroform, compared with + 76° in

- water and + 85° in chloroform for the dimethyl anhydro
methylhexoside derived from methylated ager. The
mixed melting point of these substances was ¢a, 65°
and, the analytieal figures being correct, it was
concluded that they were enantiomorphs end that,

in consequence, the dimethyl anhydro methylhexcside
derived from agar must be desoribed as 2 i 4-dimethyl

3¢ B-th#dronﬁwthyl-tmguactaawe.
- CH,

(@)

© CH,0 OCH;

O H
H

H y &
An attempt was ?aﬁc: to co’;‘wert the oily @ ¢ 4=
dimethyl 3 & 6~anhydroe=z=methyled=galactoside into
an equilibrium mixture of the «~and Je-forms in the

hope of isolating the crys#talline f-gelactoside,



| This was found to be aurprisingly easy, for contact
with ¢old 2% methylealecholie hydrogen chloride eatlﬂtd;
& fall in specifio rotatiom from + 98° to 4 26° in
60 minutes. On neutralisation with silver earbonate
' and evaporation of the solvent at 25°/,16 mm,, orystals
of the 8 ¢ 4~dimethyl 5 3 Geaxhydroefemethylgalactoside
collected on the ¢apillary and neck of the distillatiom
- flask, having, without reorystallisation, mePe 81°
Cand (af°476° in waters
These resulte wers embodied in a short letier to
. "Nature' (17),and there appeared simmltaneously a
letter by Haworth, Smith and Jackson (18), who had
- been investigating the properties of 3 § 6-anhydro
- sugars, These authors showed the extreme ease with
 which 2 ¢ 4 dimethyl 3 ! &-anhydro-z=methylgalactoside
eould be converted into the Je«form by contast with
only a trace of acid, applied as a gas or in solution,
Purther evidence that the 2 ¢ 4=dimethyl 3 : 6=
anhydro=methylgaloactoside was derived from Leghla:
was obtained by the prepayation of the free sugar,
both from the asynthetie and natural products, the
preparation of the anilides, oxidation to the lactone,

and thls preparation of the esters and amides of
both series.
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' In the preparation of 2 3 4~dimethyl 5 & Geanhydro
methyledegalactoside for these experiments the
improved method of Bell and Williamson (3) was used,

' 4n whieh the @=petoluenesulphonyl diacetone galastose
is treated direotly with 2% methylealeoholit hydrogen
 ehlorides The orystalline compound, obtained from
the solution by removal of solvent, amounted to a
93% yield of the é=petoluenesulphonyl a-methyl de
galactoside, epmpared with a BOF yield by the method
' of Ohle and THiel (7).

| The following tables show the relation betwSen
the properties of the natural and synthetie¢ derivatives.

| Plate erystals, meps 82°, bD,ps 85+90°/4056 mm,
n <7 1.4402, [«]'+ 86° in ehleroform, (al'+ 75°
' in water,
(6] »23° in No sulphuric aeid after
24 hours. |

*Dinethyl & & G«anhvdyre ¢ *pathyvlisdesalnoto
Colourless oil, beps 90~98°/,01 mmey n'y 1e4641,
n?" 1,842, e ]fi- 87° in chloroform, [u]:'°+ 78°
in water,

[6)°+ 28° in N, sulphuric acid after

24 hours,



Plate crystals, meps 82°, Miked meps with |
natural product 66°) (17" =g¢° in enloroferm,
{@]+77° in water, |

- JRER SUGAR
Agax derivative
Plate crystals Beps 130°/410 mmey mepe 118°,
(¢S «21° in water. OMe, 32,87.
Dimathvl 3 § Geanhrdesedecal.otons
SYrup, beps 120+130°/,05 mm., [¢]** 21° in water,
Olie, 32.5%. " |
LACTONE
Honecryatalline syrup, BVePs 135°/.01 mme,
n[” 1.4629, («]7 «27° in water (677 lactone),
Cvyotals of aoid geve [«]7«89° in ehloroform,
Hydrolysist [a] 7 e87° (initial) in water —» «38°
after 7 days at 20°C, heat at B0°C — »B4® (219
lactone) after 2 deyss This slow hydrolysis is in
hapmeny with the assumption that a ) <lactone i
presents Peat and Wiggine (6), however, pointed ocut
that owing to the premenge of the 3 § Geanhydro ring,
2 ¢ 4~dimetlyl 3 ¢ 6=anhydro S-gluconolactone
similated a Ye~lactone in the same way that the
corresponding methylpyranoside simulated a furancside,
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Non=orystalline syxXupy DeDe 140°/01 mm,,

n' 144607, (@] 22° in water, (laetone 53%).
Cryatals of unconverted acid [g]‘:’.., 83° in
chloroform .

Hydrolysis} [-]’:; 22° (initial) in water —»+ 27°
after 2 days at 20°C: heat at 80°C.» + BE® after
3 days, (167 lactone)s
AUDE
Agay derivotive
Elongated needles, mePe 151°, [« ':0-71" in water.

s ML GMAL CA o

Eloncated needles, mePs 150°, [«]'"4 71.8° in

waters Mixed m.ps with agar derivative 139°,
Agar dexiyntive

Prismatic orystals, DePe 125°/,02 mme,n’ 1,4615,

BePe 47049° (6] 64° in water, [u]"’~72,8° in

chioroform,

a LING L ILY & . s Geanivare moe N 0" B D2 NN RTAMIEFANTLE

Prismati¢ orystals, bB.ps 126°/,02 m.rfl--wu.
Bepe 48-50°, [a].°°+ 63 ° in water, (@] + 75 4n
chloroforme

Hixed mupe With agar derivative 38¢40°,
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ANILIDE,

- Asar dervivative
' Heedle~shaped orystals mePe 117° = Murncimtf
material to determine a specific rotatione

i*Dimethyl 3 ¢ G-anhydre d=galactose snilide.

Needlo=shaped orystals, meps 1185 [ &+ 100° in
alecchol’ mutarotating to + B6° after 24 hours.
lixed mepe with agar derivative 106°,

It was unfortunate that the synthetie free
sugar could not he erystallised although Hands and
Peat (15) were able tc deseribe both the natural and
synthetie crystelline substances. Neither could the
lactones be obtained erystalline, but the anilides,
esters and amides were clearly enantiomorphs, and
although the meltings pointe of the anilides were
3° lower than those recorded by Haworth, Smith and
Jagckson (18) the results here described, taken in
conjunction with the findings of Hands and Peat in
thelir independent investigations, leave no room for
doubt that on the hydrolysis of methylated ager,
followed by the removal of most of the 2 § 4: G~
trimethyl aemethylgalactoside and subsequent
methylation, 2 $ 4-dimethyl 3 ¢ 6=anhydro pemethyle
fegoloctonide can be iscloted, Hands and Peat (18)



reported 11% of this material wheress Percival,
Somerville and Forbes (14) recorded 16%s Many attempto
‘have been mnde to repeat thies early experiment but
without success, At the same time it must be
emphasised that the erystallisation of a substance
from an oil, in which it is soluble, presents
difficulties, especially with regard to the interpret~
‘aticy of the yields obtaineds In the early experiments
of Somerville an accidental choice of more favourable
‘eonditions seems to have been made., If the highest
figure for trimethyl methylgalactoside is taken

(this only refers to the ¢rystalline material and it

| is certain that some of the f-form is present in the
hydrolysate from methylated agar) i.es 657 and 157

is allowsd for the anhydro fegalactose, ever then
only 807 of the molecule is accounted fors

| It is of obviocus importance to decide whether

' the 3 ! é~anhydro fegalactose is preformed in agar or
whether it is produced as the result of a sides
reaction duPing methylation or hydrolysise Anhydro
sugars are formed in the laboratory by the well
lmown method of the alkaline hydrolysie of pe
toluenesulphonic eaters (16, 21), and since agar is



usually quoted to be a sulphuric ester (22, 28), it
might at first be thought probaeble that elimination
.“ the sulphate groups had given rise to anhydride
:remtim at some stages As was shown by Percival
‘and Sim (24), agar scetate containing no sulphur, could
be deacetylated to give o specimen furming a rigid
gel,end also that the methyleted agar contained no
sulphure JFurthermore,the agar used as atarting

‘material contained no appreciable smount of sulphur
since it was subjected to a washing process for many
days, 8¢ that it seems unlikely that 3 § G-anhydro
1=galactose is produced by the hydrolysis of a
sulphuric ester. ;

The low acetyl content of acetylated ager
(CHgCOy 38%) and the low methoxyl content of metiylated
éagar (Oliey 327) compared with tho gorresponding values
for (Cqly0q (@J-.k (CHgCO, 4448% and OMe, 45+67), may
also be adduced as evidence that the anhydzo fegalactose
resfidues preaxist in the agar molecule and ar® not the
result of side reagtiona,

The precise mode of attachment is not yet oclear,
.It is reasonably certain that they are attached by the
reducing group, 8ince agar iteself shows but little
reducing power and they cannot be attached by this
reaidue alone, otherwise, on hydrolysis of methylated
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azar, the crystalline 2 ¢ 4-dimethyl 3 ¢ G~anhydro
pemethyl=f=galeoctoside should be isolated directlys

It is however necessary to remethylate after hvdrolrciy
: @0 that the anhydro residues must be attached at, at |

lenat, two points but whether 2~methyl 3 iGeanhydro
methylef=galactoside giving a 1 & 4=link or a 4«
methyl 3 § G=anhydre methylefegalactoside giving a
13 2 link ie present in the hydrolysis products
is not yet decideds At any rote the 1 ¢! 3 linkages
_ which appear to predominate in the agar stgucture are
not involved in this case,.

It is interesting at this stage to considey the

. formation of laevulinic scid during the hydrplysis
~ of agay, and although not observed by the author using
- noneagqueous hydrolysing agents, it has been fourd by
cther workers. 1In previous work on agar by L@dtke
© (11) the presence of laevulinic neid wes moticed
in the products of hydrolysis. Percival and Somerville
(2) showed that methyl leevulate was a product (167)
of the hydrolysis of methylated sgar with sulphurie
| aeidj this was established by the isolation of the
erystalline p+nitro and dinitrophenylhydrazones, and
Hande and Peat (15) also drew attention to this fact,
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The possibility that'the substance crose from a
Sedesoxy suger, Was enyiseged by Somerville (1) since
these substances are very prone to yield lasvulinie
agid, but no derivatives of this type have been
‘encountereds It is well lnown thet ketoses give
jame&n yields of loevulinie acid then aldoses and th:lll,

together with the strong eolour remtiom exhibited

by agar and methylated sgor and its hydrolysie producta,
engouraged the view that a ketose might be one of the |
‘ager building unites Hende and Pest (15) stated that
they could not find e methylated ketose among the '
‘hydrolysis products of methylated agar although thoy
‘did not éo into detail ag to the remsons for that
view,

The feet that the 3 § G-anhydro galactose
derivatives gave strong colour tests for ketoses
‘@sertainly throws doubt on the earlier hypothesis, as
‘was pointed out by Peroival, Somerville and Forbes (14),
;no it wos therefoyre of interest to decide whether |

3 & Geanhydro galactose derivatives gave laevulinié
a0id on treatment with 67 sulphuric acid, as in the
hydrolysis of sgar and methylated agars A preliminary
experiment gave misleading results but sinee this work:
was completed it has been found in this laboratory



| . galactose, but this also applies to ite production
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that a substence, giving a copious yield of 1odeform:
on treatment with sodium hydroxide and iodine in the
oold, can be produced by the hydrolyeis of 3 & G+
anhydro galactose derivatives {(see p,95, part III).
This substance is in all probability lasvulinie
acid, although absolute identifieation has not yet
been made,

It is not a simple matter to visualise the
production of laevulinie acid from 33 é-anhrdr-u« Lo

from a ketohexocse, the intermedicte formation of
furfural derivetives and the looss of formic acid
being postulated as necessery in this case. Furthey
work is elearly necessary if the mechanism of this
reaction is ¢o be underatood.
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rieation of Agar=Agar.
100 G; of the polysaccharide (B.DiH. powder)
 were washed for several days by decantation with
water (100 litres)., After removing the supesnatant
1iquid, an cdunl volume of abaolute alcohol was added
to the solid-water auspension, which was then filtered
and the wisidue washed msversl times with alcohols
The purified agar wns kept in eantact with alechol -
and pow%iunn, vhen required, were washed saveral tinai
with ether and dried in air,

dhe_Agetylation of Azax.

The airedried agar (20g.) was treated with
- py¥idine (100 o, ) for 3 hourw at 100°C. and, on
eooling, a mixtuse of acetic anhydride (100 ¢ece)
and pyridine (50 c.¢s) ndded, This was heated at
| 200° for 24 hours and allowed to steand at Foom
| tembaratuzo for 2 dayss The mixture was then
poured into & stream of waier with continuous atirrind.
the totel volume being about ten litres, The product
wag washed free from acid and pyridine with weter,
dried, end extracted several times with a mixture of
agetone=chloroform (ls1), the product precipitated in
light petroleum (th. 60-80° ) and dried at 100°C,

under reduced presaure.
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Yield 21 g. c&ceg 58;0%

Purified agar scetate (21 g.) was dissolved in
 agetone (450 ce0s) at 40° and dimethyl sulphate
| (106 c40s) and sodium warwab solution (30%) (270c.cs)
were added simultaneously, with stirring, in portions
‘8t 10 minute intervals, the temperature during this
 reaction being raised to 56°, followed by heating to
75° to remove the acetone, A light brown solid
 remained in suspension and this was filtered at the
pump, redissolved in acetone, and remsthylated as
befores The operation was yepeated omge more, The
methylated agar was separated from the solid material
| by extrsocting several times with chloyoform, the
' solution washed with aodid ond water and dried over
| aphydrous scodium sulphate, from which solution it wase
 obtained as a white powier by the addition of light
petroleum (bepe 60+80°) and dried at 100°/15 mm.
Yield 12 giy [«]* %86° in chleroform (G, 0489),
OMe, 3244%¢ The relative solubility of methylated
- agar in watey was examined, O.5 ge dicoolving in 20 cege
boiling water after 3 hours, snd in 40 c.0e of water
(20°C,) after 8 hours , & viscous liquid being
obtained in both cases,



Methylated agar (12 g.) was refluxed for 19
hours at 70° with 27 methylatedealeooholie hydrogen
chloride (400 ce0s) until the rotation remained
eonstant [&}’:# 3146° )¢ The solution was neutralised
with silver carbonate, filtered, and the methyl
aleohol removed under diminished pressure, The
residual syrup (10+6 g« )y (OMe, 39%),was fractionally
distilled in a high vaguum to yield the following
fractionss
(1) 3409 gy 125-135°/,01 mm,, white crystalline
compound, (&) + 66° in ehloveform (C, 1.8)
(8) 2472 gey L35#145°/,01 mm,, vhite erystalline
compound, [a]™+ 62° in enlorofomm (Cy140)s
(8) 1461 gy 145+1265°/401 mme, syrup containing
50% erystala, [q]‘:; 14° in chloroform
(Co 2el)e |
(4) 1409 gey 166°175°/,01 mme, light yellow
syrup, [«]2°” »15° in chloroform (C, 046).
(6) 2415 gy residue, [u]f«»m' in ehloroform
(Cs 047)e |
In every distillatiorn carried out in this work
the redorded temperature represents the bath temperature
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A syrup (fraction B, 2415 g ), which formed o glass
on cooling (OMe, 427) and which could be distilled ca.
210°/.08 mm,, remained in the flasks This was re »
hydrolysed using 27 ntthVIQalodholic hydrogen chloride
and worked up as before, the following fragtions being
obtaineds
(6) 1440 gey 135~145°/,01 mm,, White
eryetalline compound, (a)® + 63° in
chloroform (Cy 240)s
(7) 0455 gey 160+175°440) mme, light yellow
syrup, («]°% 0° in ehloroform (C, 142)e
Fractions (3), (4) and (7) gave very strong ketose lests
ageording to the Seliwanoff reaction(4)s
geliwanoff Teats A ketose (80 mge) and resoreinol
(10 mgs) are heated with Nehydrochloric acid (10 ceCe)
for 10 minss on a water bath (100°) when a red
colouration and & red precipitate, soluble in alcohol,
are obtaineds Aldoses give o similar test on much
 longer heating so that control experiments with
glucose and fructose are necessarys
Fractions (1), (2) and (6) were combined and
recrystallised from light petroleum (bepe 60#80°) to
give orystalline 2 § 4 ¢ G-trimethyl methylgalactosides

(¢ end pemixture) (6B ge) meps 65° and (a] + 106°
in water (C, 143), representing, together with a



-42~

further 0«5 gs obtained from fraction (3) & yield of
oa, 57% besed on the weight of methylated agey employed,
and 64% on the weight of the hydrolysed material from
which it was isolated,

A syrupy residue (0.; g+) remained, which gave
a positive seliwanoff test, This was kept aside and
combined with similar fractions from other experiments
~ which were subsequently extracted with light petroleum
and methylated, as deseribed below, for the purpose
of isolating the dimethyl anhydro methylketoside,
When treated in this way 7,0 g of this syrup yielded
1.0 ge of the erystalline dimethyl anhydro methyle
hexoside, me.pe 82°; corresponding to a yield of 0.13 g.
from the experiment under consideration,

The erystelline trimethylemethylgalactoside
(0«5 ge) wns removed from fraction 3 and the residual
syrup (lel g¢), together with fractions 4 and 7,
extraoted several times with light petroleum, using
glass beada to increase the nr:mpﬁaolupt_ interface,
and decanting the supernatent liquid hot, until the
residue (2.3 ge) gave a constant wptation [n};:"-»aae
in chloroform (C, lel), OMe, 4044%s A portion of
this syrup, giving a strong Seliwanoff teat, way
distilled in a high vacuum, two fractions being
collected,
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Fraction (A) 165+170°/.03 mms, OeB 8¢y n7 L.469),
[«)7=21° in chloroform (C, 140), OMe, 40.3%
(B) 170+178°/,04 mmy, 048 Bey 02 144633,
(#]7#24° in chloroform (C,046), OMe, 40.4%).
Both fractiona gave strong Seliwanoff and Bredereck
tenta.
Bredereek Tegts Ol ge ketose in water (10 ¢.0.), add
10 eyce of 47 ammonium molybdate solution, and two drope
of glacial acetic acid, Heat in boiling water, and
within 4 or § mins, a deep blue colour develops.

SN 1N 518 * e ] et Ol _. -l eV a

The syrup (3.5 ge)s obtained w'cmm the
products of [«]’%22°, OMe, 40%, from three experiments,
was dissolved in methyl iodide (40 ©.404),and silver
oxide (13 ge) was added to the mixture kept at 42° C.
Three suocessive additions of silver oxide (13 g.)
‘weve made hourly and the experiment maintained at
'42° for a further 3 hours. The silver residue was
removed by filtration, extracted four times with
ethey and the solvente removed frcm the methylated
sugay under reduced pressure, The methylation was
repeated twice and the pale yellow syrup obtained
was distilled in a high vacuum, three fraciions
being collected.
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Fragtion (A) 90%95°/,01 mns, Leb ey 1.1e4497,
(@17 4 27° in ohloroform,
colourless oil giving 0.40 g,
orystals on standing at 0°,
Fraotion (B) 964100°/,01 mme, 147 Gey n 1,4471,
colourless oil « 0,36 g« eryatals
after weeding with a eryetal from
(&)
Fraoction (C) 100%108°/.01 mmyy Osd @es n" 144468,
' [s];"'-c" in watey » colourlesas oil
with a trace of crystals (O« Ze)e
The crystals were removed by drying on porous tile,
the ayrup being extracted from the tile by refluxing
geveral times with ether and remowing the solvent under
reduced pressures This syrup was sgain methylated
by the mz{i.ma fmethyl iodide and silver oxide)
and the resulting syrup was distilled in a high
vaguum, three fractiocns being cocllected,
Fraction (1) 95°/.01 mm., rig"x.cm. colourless
oil giving 0.1 g erystala,
(2) 95°/401 mme, 17144492, ecolourless
0il with a trace of erystals
(0408 g4 )

(3) 108°/,01 mme, 17144467, colourless
0il = no erystale,
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4Analyses!

OMe on oryetals 43,87

OMe on syvup  B7.6% |
Both erystals and cyrup were nemereducing to Fehling's
‘Bglutiong. .
| 1400 ge ozystals were therefore obtained from
543 3¢ "ketoss” syrup ( [ﬁJf'ﬂﬂ"s Olie, 407%),
‘representing 0469 ge dimethyl anhydro methylketoside
from the hydrolysis undey consideration (2.3 g.
initial material (u\"e28e),
: Ancther source of the ¢rystalline produst was
'!’wnd to be the ayrup (e.'u 8» obtained on evaporation
‘of the light petroleum washings from the extraction of
‘the "ketose" syrup ( («)° «22°)s On evaporation
imd methylation ae desevibed above, erystalline
‘material amounting to 0«8 g was obiained from several
experiments, This represents a yield of 0,15 g.
ifrw the experiment under consideratioms

During the course of this experiment, after ree
moval of the crystals, an oily methylated "ketose”
(OMe, 5746%s 248 gy («] 4 10° in chloroform) was
‘obtained, which wes shown later (Pext III) to contain
¢as 167 dimethyl anhydreo mwmmm in solution,
representing the presencte of 0.4 ge

The yield of ovystelline dimethyl avhydro
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methylhexoside is therefore 0,97 Zes ies0e 8%, but it is
estimated that the ayrup contains 0.4 gep making a
total yield of ¢as 11.5% based on the weight of
mithylated agar employed.

ANNVAYr0 peiiatilyle ROALBOLOE L6 o

Propertieste Colourless Plates, m.p. 82°, é&%‘/.on mme

nonereducing to Fehling's solution,
n$’ 1,4402, Seliwanoff test positive,

Bredereck test = green colour [ulf-l- 85°
in ehloroform (G, 241), (al + 76° in
water (C, 546).

Analysish»

Found? Cy DR4B3 § Hy 8406 § OMe, 44,0,
Cales for CgHyOa (OCHg)g Cy B2.9 § H, 7.9 § OMe, 45.6%

0¢113 G¢ of the anhydride orystals was dissolved
in 4 c.¢, Nesulphuric aeid and the change in rotation
followed at room temperature.

Initiel («] +71.2° ; © hours, + 22° } 16
hours, +« 1l1° § and 24 hours, =24.,9°, which remained
constant, the solution being strongly reducing.

& large scale hydrolyuis was therefore carried
out on 1.2 g anhydride with 40 c.¢, Nesulphurie acid
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for 24 hours at room temperature, giving s final
(w]7"=23°s The solution was neutralised with barium
earbonate, being warmed to prevent the formation of the
soluble barium bicardonate, filtered and evaperated
to dryness under reduced pressure, the ayrup being
freed from water by evaporation with alechol mnd
benzene, _

~ Yield 1.1 g OMe, 32,87 j} Cales for CgHgOp
(oCHg )g» OMe, 32.6%s

Several attempts were made to erystallise this
syrup using suitable solvents, eto., and a small
portion was distilled in a vaguum at 130°/,10 mm. to0
yield a yellow eyrup, bdut no erystals were obtained.

During the removal of anhydride from the "ketose”
portion however, (Chapter II) plate~like crystals in
sufficient quantity, after crystallisation from acetone,
0 give 8 meps determination snd & rotation were
_obtained mepe 118°, (« 15"=21° in water (C 0413).

Hends and Peat (15) sbtained m.pe 134° and
final rotation in acid «21° for the same derivative,

140 G4 of the free dimethyl anhydro sugar in
water (14 ¢+cs) mas treated with bromine (2 o.0.) for
24 hours at 306° and allowed to stand at 20° for a
further 24 hours, There was no reducing action at
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the end of this time so the bromine was removed by
asration, the solution neutralised with silver carbone
ato. and, after filtration, the silver precipitated
from the solution by means of hydrogen sulphide,

This silver salt ddcomposition was repeated twice and
the filtrate taken to dryness at 50°/15 mms
Conversion to the lactone was brought about by
heating at 100°/,01 mms for 2 hours, & brown syrup
and & few needle~like orystals were obtained. Yield
0s9 g¢ A portion of the syrup wames distilled at
135°/.,01 mm. yielding a nonecrystalline fraction
with & large amount of charring. n}” 1.,4629.

The orystals obtained were recrystallised from
chloroform mepe 146=150°, (&) «89,3° in ehloroform
(Cy 0428); titration with /40 sodium hydroxide
solution in the cold proceeded smoothly so that
the orystalline substance appeared to be the
unchanged acid, wherceas the syrup, which requiraed
boiling during the titration, was the lactone, As
the acid is converted into the lactone hy heating
at 100° for 2 hours, the m,pe of the acid orystals
does not seem to have any great significance as the
melting=point will depend on how quiekly the
tempernture is raised above 100°, The yield of
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crystals was too small for further investigation,

040408 G, of the syrupy lactome, n! 1,4629, wag
dissolved in water (4 ceCe) and the rotation followed
at room temperature.

Initial (a]® =27°, 1 day, =34% 3 deys, =37°}
7 days, «38°, At this stage it was thought advisable
to heat the solution to 80° to accelerate the hydrolye
ois, and after 1 day at 80°, («|°= =48°; 2 days, =B4°;
and 3% days, =54°, '

This experiment was repeated using 0,048 g.
lactone, in water (4 c.¢.) giving a final rotation
(«]2°«B0°s The soluiioms were titrated with
N/40+s0dium hydroxide solution, using phenlophthalein
a8 indicator,and finding the first ende-point without
heating, representing a rough approximation to the
acid eontent, and the second end+~point, when the
pink colour remains after boiling for two minutes,

giving an estimate of the lactone content,

The initial solutiom (=27°) contained 337 acid
and 67% lactone while the final equilibrium solution
was 797 acid and 217 lactone. 'AZ

Dry methyl aleohol, (3 csCe) scturated at 0° with
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ammonia, was added to the lactone (0.5 geo) and the
mixture allowed to stand at 0° for 24 hourss The
alechol and ammonia were removed under reduced pressure
in a vacuum desiccator, leaving a mixture of crystals
embedded in syrup. The syrup was yemoved by washing
with ether and the residue recrystallised from acetone in
the form of elongated needles, Yield 0,08 g.

Additional yields of the crystals were obtained by
retreating the syrup from the ether extraction with
mothyl-aleoholic ammonia as before.

The amide was also prepared from the ester (vide
infra) by treatment in the same wey with methyle
aleccholic amwonia, giving o 507 yield.

mepe 151°, {;]:£?1° in water (C, 0473).

Analyedis

Pound: Olie, 2848 § Ny 647
Calce for CgHjgOgli; Ole, 902 §} N, 603%0

In an attempt to obtain a larger yield of amide
cerystals from the lactone~acid mixture the metuyl
ester was formed se an intermediary compound.

0«2 G4 acid=lactone mixture was treated with

30 cecs of 37 methylealooholic hydrogen chloride at
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70° for 6 hourss The solution was neutralised with

gsilver cepbomate and washed and worked up in the

usual ways

Distillate ! 0s15 ge 1259/,02 mm, n'’ 1.4615,
giving annll-prismatio erystals,soluble

in wmter, chloroform, acetome and ethefs The orystals

gave a faint seliwanoff test. Recrystallised from

acetone gave mepe 47-49° [a]::-M.&‘ in water (C, 0.59),

(€] #72,8° in ehloroform (C, 0455).

Analyeis.

Found$ Cy 4849 § Hy Te3s Olie, 40,7
Cala. for CgHyOg(OCHg)g 3 Cy 4941} Hy 743, Olle, 42,37«

Os4 G free sugar, 0.2 ge freshly distilled anile~
ine and B 0.0 alcohol were refluxed at 95° for 1lf
hours, and allowed to stand in the refrigerator for
several days, to yield a small quantity (001 gs) of
an anilide mepe 117° but the quantity was insufficient
for a determination of the especific rotations



80 G, finely powdered galactose were andded cavew
fully, with shaking .to a cold mixture of dried acetons
(2 1itres) and concentrated sulphurie acid (86 c.0s)
. and the mixture mechanically shaken for 24 hours,
' The exeess of galactose wae filtered off and the light
yellow filtrate was neutralised with anhydrous sofium
earbonates Excess sodium carbonate and sodium sulw
phate were removed by filtration andys after ascertaine
ing that the solution was neutral and adding a little
barium garbonates; the solution was taken to dryness
under reduced pr;uuuru The recsidue was shaken well

with ¢old water and filtered, the yellow oil facetone
¢ondensation produets) being discarded, and the
agueous solution evaporated to drynees in a vaguums
Any further condensation products wersé removed by
heating the syrup at 100°/15 mm, and the dimcetone
compound distilled ovey in a high vacuum,

Praction; 49 ge 160°/,01 mm, (707 Theoretical).

Recovered galactose 30 g

2

The method adopted was described by Freudenberg
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and Hixon (8)s Pure diacetone ghiectose (13 g.),
prepared above, was dissolved in pyridine (26 c.0.)
end treated with petoluenesulphonyl chloride (14.3 g.)
by the addition of the resgent in small hartimu.
After standing at room temperature for 27 hours the
solution was pouréd into water (75C o.e.)’" and, on
rubbing with & glass yod, the syrup rapidly crystalle
iseds Aftor one recrystallisation from methyl
aleohol (Yield 14 ge) it showed mepe 94°,

6ep=Toluenesulphonyl discetone ghlactose(l3 g.)
was mixed with 80 ¢.0s glacial acetic acid and en
equal volume of B0 acetic acid,as desmribed Wy _
Ohle and Thiel (7).and heated at 100° om a water bath,
After ) hour 10 mins, the rotation remeined constant at
(«] = + 24°, or + 29° caloulated ae the free sugav.

The mixture was evaporated at 30°/15 mm, to yield crystale
of the é~p=toluenesulphonyl galactose whiech were
removed, and the filtrate was evaporated to dryness,
+¢he ‘resulting syrup, on addition of aleohol, giving

a &rrntqnma mixture of a= andf-fopms (0f. Ohle and
Thiel (7)) Yield 4,9 ge [6]+ 60°, Initial § + 44°,

24 hours § + 36°, 2 deys } end + 27° after 4 days ,

(C 6.9) in pyridine.
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Ghle and Thiel found (for the § form)[cj+ 1#-[s] + 32°
in pyridine (C, 1472), '

é~peToluenesulphonyl S=galactose (7 g.) was
refluxed with 70 ¢.¢s methylealecholic hydrogen
chloride according to Ohle and Thiel (7), the reagtion
being complete after 30 minutes and 2.4 g of the
methylgalactonide separated on @oolings Purtheyr
erops were obtained by evaporating the solution, the
hydrochlorie scid being firet neutralised with silver
carbonate to prevent the toayl group splitting off,

Yield 348 g¢ peps (not recrystallised) 162°

(af% 206° in pyridine (c, 0s141)s

Ohle and Thiely afger several recrystellisations
from methyl alochol obtained mepe 170° and ®)'*" 4 103°
in pyridine, |

6+p*Toluanesulphonyl a-~methyledegalactoside
(7.5 g¢) was dissolved in boiling aleochol (600 ¢.04)
end titrated hot with Nepodium hydroxide, using
phenolphthalein as indicator, until the pink colour
was permanents The solution was then evaporated



»fifie

to dryness under reduced prdssure and the residue
gxtracted 4 times with beiling ethyl acetate, needle~
like erystals being obtained by evaporating the
othyl acetate solution almost to dryness.

Yield, 2.4 ge (637)y mepe (uncryatallised)
135+137°, (a]"+ 78° in water (C, 0u4B)s This
substance gave & strong Seliwanoff reagtion.

3 § 6~Anhydro sdutlwl-d-gulutu“c (2.4 go)
was dissolved in a small quantity of acetone
(710 ¢404) and excess methyl iodide (40 csce) ndded
for the first methylations Silver oxide (45 g«)
was added in portions at hourly intervals « 6 hours

at 42° in all - and worked up as befores Io acetone
was required for the two subsequent methylations
and the product was distilled in a high vacuums
Yield 2432 gs = colourlese oils 90+98°/401 nmme
OMs, 4427, n” 1.4641, n 1,442, @)+ 87° in
ehloroform (G, 0483), («)'+ 75° in water (C, Ou13)s
Strong Seliwanoff reaction.
No epystals were obtained on keeping at 0° for
several days,sc a further Purdie methylation was
garried out in case the syrup was not fully



mothylated, huf no erystals were obtained omn
distillation. The use of various solvents, seeding
_ with crystels from the ager derivative, etc., were
- also found to be unsuccessfule.

The above series of reactions was repeated
twice,

Breparstion of Gep~Tolusnesulphonyl s-Methylede
Galactosides
An improved method by Bell and Williameon (3)
.~ for the formation of this compound directly from
the 6=p=toluenesulphonyl diacetone galactose (937
- yield), instead of by the intermediary formation |
of G=petolueneculphonyl wegalactose,  (Ohle and Thiel
- (7)) giving a BOY yield, was introduced. |
é=p=Toluenesulphonyl diacetone a=galactose (-10 q{-)
was refluxed for 30 minutes with 27 methylealecholic |
| hrdraaati c¢hloride (100 c.lc.J. On cooling the
| solution to 0° a guantity of product erystallised out,
which wen filtered and washed with a small quantity
of methyl alobhols JFurther crops were obtained
by the addition of methyl aleochol and concentration
of the mother liquor each tims,
. Yield 7.5 g« (937 theoretiecnl),
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2 3 4*Dimethyl 3 & 6~Anhydro=semethylgelactoside
(0s48 go) was dissolved in Nesulphuric acid (40 ¢eCe)
and the rotation followed at room temperature,

(o4 72° (initial) falling to + 21.7° after 8 hours «
unchanged after several days « giving o strongly
reducing solution which was neutralised with bariunm

carbonate and woriked up ae before, the syrupy residue
(0«3 ge) being dried by evaporating with alechol and
benzene, .

Ho erystals were obtained, so a small portion
of the syrup was distilled under reduced pressure,
care being taken to prevent charrings

Fraction § 126-150°/.,06 mme, no orystals were
obtained even on supercooling and treatment with
vorious solvents, [a]zs-; 14° in chloroform (C, 0.28),
[u]:"; 21° in water (G, 1.2), Ole, 3245
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2 & 4*Dimethyle3 : G=anhydro«d«Galactose (0«4 gs)

in water (4 0.0.) was treated with bremine (0.4 0ece)
for 24 hours at 35° and allowed to stand for 24 hours

8t 20° until it was nonereducing to Fohling's solution,
The bromine was removed by aeration, the solution
neutraliced with silver carbonate and, after filtration,
the silver precipitated from the solution by the passsge
of hydrogen sulphides This silver salt decomposition
was repeated twige and the filtrate taken to dryness at
40°/15 mme

Conversion to the lactone was drought about by
heating at 100°/401 mm, for 2 hours,

A browmn syrup and a small quantity of needle~
like crystale were obtained = yield 043 ge
| The erystals, recxystallised from chloroform,

gave meps 138°, (6)°'+ 8341° in ehloroform (C, 0,73),

| wore acid to phenolphthalein and titration with
B /40=scdium hydroxide solution in the cold proved
them to be unchanged acid ,whereas the ayrup, which
required boiling during the titration, was the
lagtone,

The syrupy lactone distilled at 140°/.01 mm,
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n;" 144607 and had & rotation fa]” "4 22% in water
(c:. o.m (63% lactone )s

The asidelagtone mixture (0,0384 g.) was
diesolved in water (4 0.3.) and the rotation followed
at room temperature., Initial [s]jft 22° § after 1
day, + 206° § 2 daya, + 27°, The solution was
then heated at 80°s After 14 hours, [s}fw + 40° }

. B.days, ¢ 84° § and 3 days + BE°,

This was verified using an experiment under |
the same conditions ;00547 g lactome in 4 ¢o. water,
#iving & final rotatiom(s]™ + 85°,

- The compositions obtained werc, unitial ( + 28°)
83¢ lectone and 47% aoid, While the final equilibrium
was . 16% lactone and 847 moids

Methyl aleoholic ammonis ( 3 ¢eCs) was added to |
the lactome (043 ge) and allowed to gtand at O° for
24 hourss The algchol and ammonia were removed under
reduced pressure leaving a mimture of syrup and
erystals, The ayrup, extracted with ether, was
res~treated with alcoholic ammonia to yield additiomal
erystals of the amide.

Yield 0.l g« Needle=shaped crystals, m,pe. 150°,

(8]°+ 7248° in water (C, 1404)s
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Adpalysis.
" Found ¢ - OMe, 29,5 § XN, 6.9
Cales for CoHygOpl § OMe, 3042 § N, 6.8
Mixed mepe with agar derivative 139°,

0.4 G, of lactone~ncid mixture was trested with

37 methyl-alecoholichydrogen chloride (40 ce.cs) for
6 hours at 70° and worked up in the same way a8 the
natural derivative, giving a distillate, |
Fractiony 0.14 ge 125°/,02 mms, n‘:' 1.4634, which
yielded white orystals on standing at 0°,
The ester war aloo prepared from 2 ¢ 4-direthyl
3 ¢ é=anhydro=de~galactonamide which had not erystallised
1 ge amide and 25 0.0 N*nodium hydroxide were kept at
90° for several houra until all the ammonis had been
evolveds 25 ee.cs Nehydrochloric acid were added and |
the solution gaken to dryness at 45°/10 mm, 37
Methylealooholie hydrogen chloride (150 €.c.) was then
added and the solution kept at 60° for 6 hours,
Neutralisation was effected using eilver carbonate,
the mixture filtered and the solution taken to dryness,
giving a white solid (eodium chloride) and 2 brown
oyIupe
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The latier was extgacted with agetone and distilled
in & high vaouum,

Compourid recristalliced from acetone gave m.ps
48+50%, Hixed mype with agar derivative J8+40°,
(@)% 63,3° in water (G, 0489)y [8)*'¢ 7340° in chlorofom
(Cy OuB8)s
Analyels.

Found $ “Cp 4849 3 Hy Ted

Cales for CpHyOy(OCHg)y 5 Cs 49¢1 § Hy 743%s

Andldde.
2 ¢ 4<Dimethyl 8  Geanhydro s=d=galactose (0.6 8. )
and freshly distilled smiline (043 ge) were dissclved

in 4 c.cs alcochol and the solution allowed to stand at
96°Cs for 90 minutes, but no erystals were obtained
on eoolings |

2 ¢ 4«Dimethyl 3 ¢ Geanhydro S-methyledegalactoside
(0sB go) was dissolved in Negulphuric acid (B ceCs)
and kept at room temperature for 24 hours, After
neutralisation with barium corbonate end evaporating
to dryness, the reducing syrup (04 ge) was ttcutoﬁ
with 042 gs aniline and 3 0.0, alcohol at 90° for ¥
hours, On standing, needles appeared which were
recrystallised from alechol. (Yield O.15 g+) mep. 118°
(1= + 100° in aloohol (initial), + 72° (30 mins.),
+ 61° (12 hours), + B6° ( 1 day, which remained
constant after threc days.
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Found $ Hy D47 § Olie, 215
Calees for cl;nx,o#'a $ N, a;a } OMe, 23.47 |
Difficulty was encountered in this preparation in
early attempts because of the formation of brown tarry
producte. . |
Mixed mepe with the specimen prepered from agar,
106°, ' |
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Synthesis of 2 ! 4-Dimethyl 3 § GwAnhydro peliothyleds
‘ Golactos ide

G*Molmul@hwl sna.amm (c.ﬁ c.) m
dissolved in a mixture of mum (25 040s) and
noetic anhiydride (642 0e0s) and kept at room tempere
ature for 2 dayae After pouring into water and
recrystallisation from oth.yl axeohol a product (440 go)
mepe 114° was obtained, [¢} + ﬁ'f" in ehlurofﬂ‘a (Cy 0s6)s
Anelysig. |

Found ¢ Cy BOaO § Hy B3
‘Cales for CgHae0228 ¢ Cy 5040 § Hy 84378

Ohle and Thiel (7) quote meps 117° and (a) + 89°
in chloroform, ’

The produet thus appeared to be Ohle and Thiel's
(7) tetrancetyl 6~p-toluenesulphonyl galactose.

The above tetraacetate (3.5 gs) was treated with

acetic acid saturated with hydrogen bromide at 0%

The erystals dissolved after 2 hmn md the mixture wag
kept for 3 hours at 0°  An exeess of ether was added
and the ethereal soiutionm was washed with water and
sodiunm bicarbonate sol _ution, and dried over amlrm
¢aleium chloride. The product (2.5 g.) cryatalnud'
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on removal of thé ether,and had me.p. 147° and
[a]f‘ 4 151° in chloroform (C, 047).
Found : By, 15,0
Cale, for CyoHag0,08Br : Br, 15.:4.
ehlo and Thiel report Br 15.4%, m«D. 14?' and
[c] = # 157° in chloroform (C, 2.02).

The above galactosyl bromide ( 2 g.) was shaken
with anhydrous methyl alechol (75 cec.) snd silvex
earbonste (12 g.) for 15 hours, the solution being
then free from bromide ions. After filtration and
evaporation,the product (1.5 g.) was obtained as a
- glass [s]:':-&‘ (Cs 145) in chloroform,

Pound @ OMe 10.8
Cales for CgoHge0118 : OMe 10,756%.

For the corraaymdins ¢mthylga1actoude, Chle

and Thiel (7) found [u] °s 102,4°in chloroform {c,0.,878),

5 @. of the trimcetyl 6=p-toluenesulphonyl p=

methylgalactoside prepared as described above were
{ o

' dissalved in alcohol (100 c.c.) and titrated with

‘N-sodium hydroxide solution at 80° until a pPermanent
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pink colour remained to phenclphthalein, a fow drops
‘of which were added to the solution, the process take
ing 2 hours. The produst was evaporated and extracted
with ethyl scetate several timss, and on romoval of
the solvent the product rapidly drystallised (3 g«)
On recryotallisation fram » mixture of ethyl acetate
and light petroleum (be.ps 60/80°) it had mep. 118°,
[a]flmﬁ in wter (Cp 047)

Found : Gy ATyB § Ky 7.0 ; e, 17,0,
Caloe for ColH a0 ¢ ©p 47,7 § H,; 649 § Ol 17&_0‘-

For the corrgpapnding semethylgalactoaide Ohle
and Thiel (7) obtained mepe 139°, [a]'+ 84° in water

(‘h 9033}.

The 34 @eanhydro fepethyledegalaotonide (2.6 g.)
wos methylated by the same method a8 used with the
a=form (pages5), using acetcone as nolvent in the
first Purdie msthylations
The product (2,8 g«) eryutallised completely on

removal of solvent and distillation was wmecessery.
mepe 80° without recrystallisction and 62° after
recrystallisation from light petrolemm (beps 60-80°),
Mixed m,pe with produst (mepe 82°) prepaved by the
agtion of methyl-alocholic hydrogen chloride om the .
syrupy 2 & 4~dimethyl 3 & S~anhydro a*methyleds
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galagtoside showed no depression.

With product m.pe 81° prepared from agor « mixed
mepe 68°, [6)#77° in water (C, 046) § (6] =86° in
chloroform (Cy Ob)e

Found J Cy B2eB § Hy 841 § OMeyddyd
Cale, for CoHye0y & Cy 5249 § K, 749 3§ OMe,45.6%

The above series of reactions was twice repeated,

d=Galngtosida.to the f-form.

2 ¢ 4*Dimethyl 3 ¢ G-avhydro a=methylgalactoside
(0428 go) dissolved in anhydrous methyl aleohol (7 0.¢s)
had (£]>°+ 98° (C, 440)s To this solution was ndded
7% methylealcoholio hydrogen chloride (3.0¢0s) meking
the concentration of hydrogen chloride 27,

Lizg &)z

0 + 98°

5 pina, 420

60 mins,  Re°

2 hours 26°

8 hours - 2e°

Heated at 80° for 35 minas, 14°
8tood overnight 26°

Heated at 90° for 1 hour 10¢

To this aol.utimlnutor carbonate wvas added and
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after filtration and removal of the solvent, orystals
" sublimed om the capillayxy and the nevok of the flask,
‘mepe B1° (a]>7e76° in wager (C, 140)s

This experiment wae repeated om OsB gs without
any intermedinte heating, the hydrogen ohloride being
neutralised after 2 hours. Yield of crystalline
2 3 4=~dimethyl 8 ! G~anhydro femethylgalactoside «
02 8o
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m The syrup obtained by the hyavolysis of nihrlm
sgar (Percival and Somerville (2)) yielded thres
fraotions on distillation.

(1) Methyl laevulate (16%).

(8) Crystalline 2 & 4e! 6+Trimethyl methyls
galactonides (657)s

(3) A 1ight yellow syrup giving atrong ketose

| renetions (OMe, 407). (M%)s |

(8) Praction (3) on further methylation was shown by

Somerville (1),to yield a mobile ayrup (OMe, 57%)

and a orystalline dimethyl snhydro methylhexonide,

mepe 81°, giving p . strong ketose teast, Thin
investigator suggested that it was a dimethyl

3 ¢ Geanhydro methylketosfuranceide on the bLasis

of colour reactione and ease of hydrolysis by

acids, The yield of the anhydro methylhexceide

appears to be not lese than 11%.but a precise niﬁw

ate is Aiffigult,

(3) Hyarolysis of the crystalline material was found
to take place with cold Nesulphuric acid, thus
remembling ths behaviour of the 2 i 4«dimethyl
3 § 6-anhydro fempthylglucoside of Peat and
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wiggine (6)y and 2 ¢ 4~dimethyl 8 ¢ Gemnhydro
a*methykd=gnlactoside was symthesised for compare
ison, Although no oryetals were obtained, the
specitic rotatioms in wter ( (a"+ 76°) and
chloroform ((a]°+ 87°) of this synthetie material
were similar to those of the natural product,
((#1%* 76°) and ()% 85° respectively), but the
hydrolysis with Nesulphmurie soid gave o freee
augay [uf; 22° in comparison with a final value
of [u]’:'a%' obtained for the corresponding sgexr
dorvivative. '
(4) 2 3 4-Dimethyl & & obuilvdro lmtw:dngmotouéc
. was synthesised, by methylating the previously
unlrown 3 § Geanhydro f-methyligalactoside, and
shown to be the enantiomorph of the netural
material, having m,p. 82°, [uf::-??‘ in water and |
[:]:; 86° in chloroforms
(6) Comparison of the freeesugars, lactones, amides,
 esters and anilides of the synthetic and naturel
~ products afforded ndditional proof that the
latter was derived from {egalnotose, in agreement
with the results of Hands and Peat (18), and the
oryatalline anhydro "ketohexoside™ must now he
desorived ae 2 § 4=dimethyl 3 3 Gemnhydws e methyl
{-galagtonide.



(6) It would sppear thet the anhydrol-galactose is
preformed in agor on account of the low agetyl |
and methoxyl values of ager acetate and uwns#
agore Since 2 i 4~dimethyl 3 & G~anhydroefemethyl

l-galactoside 4o only obtained from the hydrolysis I
products of methylated sger after furthey |
methylation, it is clear that the anhydro =/«
galactose residues are nmot attached by the
reducing group alone but by at least two points
in the molecule.
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PART 11,

ATTRUPTS TO DICREASE THE MRTHOXYL CONTENT
OF METHYLATHD AGAR AND A STUDY OF THRE
QLYSIS OF THIS SUBST
H_OXALIC ACID
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DISCUSSION OF RESULTS

It is now fairly well established that most
polysaccharides consist essentially of long chains of
monosaccharide residues united by glycosidic links,

On this view the molecule may terminate in two end
groups or may exist as an endless loop of monosacchar=-
idé residues, In the former case methylation, folle
owed by hydrolysis, liberates fully-methylated mono=
gaccharides, e.ge tetramethyle=glucopyranose from
cellulose (1 ) with different properties from the
2 8 3 ¢ 6-trimethylglucose, whieh constitutes the
major portion of the products of hydr8lysis of the
methylated polysaccharide, From a knowledge of the
proportion of the fully-methylated moncsaccharide
in the hydrolysise products, the chain length can be
calculated. The method is of general application
and has already been widely used, for instance, in
cellulose (Heworth and Machemer (1)), glycogen
(Haworth and Pereival (2)) and inulin (Haworth,

Hirst and Percival (3)).

It is evident however, that a large amount of
methylated agar must be hydrolyséd to obtain any
appreciable quantity of thé ende~product. Only two
hexose components have been found in the products of

hydrolysis of methylated agar, using methyl=alcoholic
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hydrogen chloride, 2 : 4 & 6 trimethyl methyl=d-
galactoside (Percival and Somerville (4)), and after
further methylation, 2 ¢ 4 dimethyl 3 ¢ G-anhydro |
. pemethyl ={=golactomide (This thesis, part I), eo that
end groups, if any, would give rise to 2 ¢ 3 3 4 ¢ g~
tetramethyl methylgalanctosnide and 2 & 4 dimethyl

3 & 6=anhydro pemethylefegalactoside, both eompounds
distilling below 100°C, in e high vagouum, Heo
lowsboiling fraection, however, had been cbeerved by
Porcival end Somerville (4) o2 by Hende and Peat (85), |
from the hycrolysis of methyleted agar using methyle
aleoholie hydrogen chloride, pessibly on account of
the very small quantity which weuld necessarily be

- obtained, but & similar experiment with 25 g of
methylated agar, under the conditions daqar&baﬂ in
Part I (pe40) using 27 methylealecholie hydrogen
¢hloride, ohowed no trace of fully-methylated come
pounds,

An attempt was them made to introduce further
methoxyl groups into the methylated molecule (OMe,
38.1%)y in cose the 'end group' was resistant to
methylation but it wee found impossible to incresse
the methoxyl content. Methylated agar (10 g.) was
therefore subjected to an acetylation process using
pyridine and acetic anhydride and, owing to its
appreciable solubility in water, the product was



precipitated in a small volume of water (1 litve),

forming a gelatinous mass, The product (645 g.) was

' obtsined from this vesidue by extragtion with ehloroform

and precipitation in light petroleum (beps 60=80°),

but no acetyl groups had been introduced. A further

~ yield of product (1 g«) was cbtained by an extraction |

of the above aqueous solution with chloroform, followed

- by precipitation in light petroleums This fraction

was also found to be deveid of acetyl residuess This

methylated compound, however, was methylated twice,

- using dimethyl sulphate and 307 sodium hydroxide
sclution, but the final product was found to have

| e similay methoxyl content (32,2%) to the starting

. material (32.1%).

A drastic method, devised by Luskat (7), and found
suitable by Hewss and Lung (6) for the complete methyle
ation of otareh, was also attempteds, A solution of
nethylated egar (1 ge, OMe, 32,17) in anisole, cooled
- to =40°C, was trecated with a solution of sodium in

liquid ammonia for 2 hourss The ammonia wag
evaporated and the residue was treated with methyl
iodide,s The excess of methyl iodide was yemoved
under reduced presgure,eand the residue extracted
geveral times with chloroform, the methylated agar
(0455 geo) being precipitated from light petroleums



iThin product was found to have OMe, 3l.47, compared
;with the oﬁn. 32,1% of the ntarting materials This
?1nd1catea thoet acetylation, ueing pyridine and acetic
janhydrida._ followed hy.throouﬁamhrth.mnihylatians.
using dimethyl sulphate and sodium hydroxide, is
!nufficicnt to protect all the free hydroxyl groups in
agar.
_ 8ince certain guns, for instance demgon gum
(Hirst and Jones (10)), are knmown to be decomposed
éaimply on boiling with water with the fiseion of a |
:pcrtiun of the mélecule (usually & pentose), it had i
'been thought that, by a relatively mild hydrolysis of
‘methylated sgar, it would have been possible to split
' off some conatituent of the molecule such ns the
hypothetienl ketose (4) f(11). From the present reaulﬁa,
'hovuvar. there appears to be no evidence that agar
containn any ensily hydrolysable recidues.

A poartial hydrolysis of methylated agar wag carrldd
:out using oxalic aecid, end the hydrolysis wes stopped
jat'tcr three separate intervals to see if any identifie
- able methylated monosaccheride could be obtaineds
;Thﬂ rotation=time curve for the hydrolysis showed o
minimm velue((x]> =54°) owing to the slow rate of
solution of methylated agey in methyl aleohol.
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i The nvdx;olysia was stopped at three points,
[a]z::-ie'. «26° and + 26° (complete hydrolysis),

the solution neutralised with barium carbonate and,
_: after glycoside forgmtion at room temperature, worked
| up in the usual way. Unchanged methylated agar wes
removed by precipitastion with light petroleum from
" & ehloroform solution of the dried syrup and, on
. evaporation of the solvents, o syrup was cbtained,
representing the hydrolysis productss These syrups
ware distilled in a high vacuum but in no csase was it
. found possible to isolate any new degradation product
(which may be destroyed by mineral acid), so that
this method of attagk proved unsuccessful,



Methylated agar (10 gep OMe, 3241% ()7 78° in
| chloroform (C, 1.5} was suspended in pyridine
(100 ce0s) and treated with a mizture of pyridine |
(60 cocs) and mcetic enhydride (50 0e0s)y the solution
being kept at 100°C, for 24 hours and allowed to stand
- for 2 days at 20°, Owing to the solubility of l
. methylated agar in water, the mixture was then poured
into a small volume of water (1 litre) and formed o
- gelatinous mass, which was washed with water and
: extracted several times with chloroforms The
. chlproform solution was dried over enhydrous sodium
i sulphate and precipitated in light petroleum (bLepe
| 60=80° ),
| Yield 6uB ge CHuCO, nil § OMe, 32417

The supernatant squeous solution from the |
precipitation of the acetylated compound was antractadj
| with chloroform,and the chloroform extraetl washed |
- with sodium bicarbonate solution and several times with
water, After dyying over anhydrous sodium sulphate,
the solution wos concentrated by removal of chloroform

at 36°/156 mm,, and the acetylated compound precipitated



from light petroleum,
| Yield 1.0 g CHaCO, nile

£Y L' 8 BILY AEA LGS L

| The products pf the above acetylotion (7.0 g.)

. were discolved in acetone (150 CeCe) ond treated with
dimethyl sulphate (35 cecs) ond 307 sodium hydroxide

| (90 ¢eca), added simultanecusly in V,: porticns at

- 30 minute intervals, the temperature during the
reaction being raised to 56°, followed by henting to |
76° to remove the ncetones The solid residue was |
- filtered, dissolved in ascetone and remethylated as
 befores The solution was then filtered and the

solid material extracted several times with chloroform,
f The chloroform sclution wos neutralised with dilute |
sulphuric acid, washed severnl times with water, dried
by contaet witu anhydrous sodium sulphate and
precipiteted in light petroleum.

Yield 3.5 g
oMo, 32,27, fa §°°-7e.2° in chloroform (C,049),
CHgCO,y nile

A solution of methylated ager (1 ge) in anisole



(50 ©e0s)y coOOled to «40° with carbon=dioxide~ether

- open vescel and the last trace was removed by heating
' on an oil bath (60«70°), Methyl iodide (60 ceGe) was

' less successfule |

8] =

freczing=mixture wne added slowly to a solution of
sodium (1 ge) in liquid ammonia (100 Ce0e) in the
manner described by Hess and Lung (6)e After 2 hours
the solution changed in colour from blue to yellow,
The ammonia was then allowed to eveporate from an

then added slowly and the mixture refluxed for
2 hours at 70°, the excesa methyl iodide bveing
subsequently removed under reduced pressures The
residue was extracted weveral times with chloroform |
and the product was precipitated from light petroleun |
(l‘hm 6O%B0° )4 |
Yield, 04556 gey Olie, 31.47, [s]z" «76° in chlwafaln
(Cy 049)e 1‘
It waa found impossible to aeeount for the small |

yield in this experiment,evaporating the petroleum i
|
1

solutions; additional chloroform extractions and
methoxyl determinations on the solid residues .
giving no clue to the lose in weight., Gseveral aolvemﬁha
were tried instead of anisole but were found to be even
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Methylated agar (1 g«) was heated at 80° witn |
!uthyl. aloohol (30 ce0s) and water (10 CuCe), amtm-‘
ing oxalic acid (0445 ge) (Haworth, Hirst and Parezvu!
' (3))s ond polarimetric obuervations were carried out, ‘

|

(4] mitial =24° = only pertial solutign
after 13 hours «54° « complete solution.
20 hours -34°
60 hours =14°
120 hours +13°
180 hours +26° |
240 hours +26° I

This wns in foir agreement wit. the final reading
{u] "4 31,6°) obtained on the hydrolysis of mthylatedl
asn: using 87 methylealecholiec hydrogen chloride, :
| indieating thot complete hydrolysis had been erfecm.l

| This experiment was repested, the hyirolysis heins
' atopped afier 374 hours at 80° ([u]“ »34,8° ), |
Neutralisotion of the acid was effected with
ealeium carbonate, the mixture being heated to prwmt:
' the roimtim ¢f caleium bicarbonate, and the nnem5
- golution evaporated to dryness under diminished '
| pressure. The syrup was dried by the addition of
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;aluahal and benzene, followed by the removal of the
jaolvmtu. ‘
i Yield, 0us8 gey yellow syrup, [u]f*ln' in |
:nhln#eferm (Co 140)s Ole, 34451, }
i The syrup was then trested with 1% methyle |
'aleoholic hydrogen chloride (100 c.Ce) umtil it wes
‘moneredueing to Fehling's solutien (70 hours at aO'G.H
'l‘he gsolution wes neutralised with silver carbonate, |
filtered ond the filtrate eveporated to dryness under ;
| reduced prescure, the ruaultang ayrup being diatilled ‘
' in a high vaeuum,
Fraction (1) 0425 gep 130%140°/,02 nm,, white
| orystalline compound, [u]f; 66° in i
t chloroform (Cy 1e2)e mepe GS’G. !
| e, 52.1%. ¥ |
W (2) 0410 goy 160-176°/401 mna, light
| yellow syrup, (e & 0° in chloroform
| (Co 049), Ole, 41.2%, |
The semi=solid residue,which was extracted with

|

i

e¢hloroform and precipitated in light petroleum,was

- shown to be chiefly unchanged methylated aga® (Oel ge)s
A much shorter hydrelysis was carried out under tho

- same conditions using O.4 g« of methylated agax,
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readings being taken every 20 minutes,

(x]f nitial «24° |

after 20 migutes =34° |

| | 40 minutes  «43° '
60 minutes  ~H2°
80 minuteas  «§§° |
100 minutes =58° domplete solubility, .
120 minutes  =54° |

_ The minimum in the rotation curve was due to the
fall in rotation caused by the slow rate of solution ‘t

- of the methylated agar in methyl alechol being |

' counteraeted by tue aotual hydrolysis. This hydrolyeis

was stopped &t this point '([u']:"" »54°), neutralised i

. and worked up eo before,giving o huévr ayrup, (0.2 g.)}

, [a]?::-ﬁb" in chloroform (C lel). ,'

This hydreolysis was therefore repeated with ‘

' methylated agey (B ge)y the renction being stopped
after 3 hours ([a]f-w') and the syrup worked up as

' vefore. The residual syrup wad dissolved in chloroform
end fractionally precipitated by the addiviomn of ughti
petroleum (bepe 60~80°), two fractions being nonectoﬂ
and the golvents removed from the filtrate, yielding

B BYyTrUD.
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Froction (1) white MQI‘ 2l gey OOy 31e2%,

(4]’° «68° in chloroform (Cy lel)s giving |

o Seliwanoff teat on boiling for two
minutes,

(2) white Powder 1.3 g., Olie, 50.8%,
(8]°#66° in chloroform (C, 140)y giving
a Seliwanoff test on boiling for twe
minutes,

(3) obtained on evaporation of the petyole

eum solution, Yellow ayrup 10 Gy

[a)*° % 0° in chloroform (C,046). Oke,
3087, Seliwanoff test on boiling for one
minute.

Fractions (1) and (2) appeared to be unchanged
methylated agar and fragtion(3) resembled the higher
boiling freaction bepe 210°C/+0l mm, obtained on the
hydrolysis of methylated agar using 2% methylealoohol
hydrogen chloride (page 41 ). )

Under similar conditions, methylated agar (3 8»)
was hydrolysed until the rotation remajned constant
((®)*'+ 26°) and the product, worked up in the usual

|
|
|
|
|
|

{
|

1_

J

ways yielded the following framctions on distillation |

in a high vacuums



Fraction (1) 126e140°/401 mosy White erystall
compound, Le2 ges ()7 + 69° in
| chloroform (G, 140).
(2) 140%165°/401 mmey yellow syrup

containing crystals (507),007 @e

[¢]::|~ 24° in enloroform (C4049).
(8) 156#176°/,01 mme, light yellow
Byrup, 0.6 gey [G];::'ﬂ' in
ehloroform (C, 0.3}, OMe 40,97,
(4) 175-220°/,01 mme, heavy syrup,
043 gep OMe, 3946%, [¢]7=12° 1n
chlorvaform (C, 048)s
The products therefore did not seam essentially

different from those obtained by hydrolysis using

mineral acid,
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SIDARK.
Attempta at the further methylatiom of nwum;
agar by acetylation, followed by reemethylation,
foiled to increase the methoxyl content.
Methylation of methylated agar using sodium in
11quid amsonis and methyl iodide,in the presence
of anisole (Muskat (7)).,also failed to introduce |
additional methyl groups, showing thet three |
treatments with dimethyl sulphate and sodium i
wa:mﬁﬁi%?gﬁana all the hydroxyl groupe in |
agare . |
Inveaugau:ﬁn of the preoducts of the partial : :
hydrolysis of methylated agar,using oxalie acid, i
failed to reveal the presence of ony essily
hydrolysable component such as o ketoue. |
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| The hydrolysis of methylated agey using methyle
'aleoholic hydrogen chloride, yielded a fraction of high
‘boiling point, which exhibited very stromg ketose colour
renctionse On further methylation, this syrup
 yielded o erystalline compound, which wau proved to be
2 3 4-dimethyl 3 ¢ G=anhydro=femethyle/-galactoside
(this thesis, Part I), and a ¢olourless mobile syrup
(OoMe, 86%), predicted by Somerville (1) to be o fully
‘methylated ketose. This was in keeping with the
findings of several workers, for instence, Takeo (2)
‘Metoui (3) and Puruichi (4), Who all reported the
presence of a ketose, such as fruotose, in the
hydrolysis products of agar, Somerville, however,
lmd based his conclusion on the distinet colour reactioms
'shown by this syrup to the Seliwanoff and Bredereck
tests, but it has since been shown (Part I) that
3 3 6-anhydro galoctose derivetives also give positive
| reactions tc these tests, Gomerville, also, had
Cinvestigated the possibility of the fully methylated
gyrup containing tetramethyl methylgalactoside, but
he wag unable to isolate the readily cryetallissble
tetramethyl gelactose anilide. It was assumed,
therefore, that this fully methylated syrup was a
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ketose; such as a fructofuranocside md as this would
agree with ocertain of its Wrtiea, 0sge specific
rbts.t:l.m. it was decided to attonm tm isolation of
totrmthyl fructofuronamide by thn uxidatim mothed
of Avery, Haworth and Hivet (6)s The syrup was
firet hydrolysed with N-oxalic aeid at 80° until the
rotation remained cunstant ([c]"’:-t 20°, after 30 |
‘minutes)s The hydrolysed ayrup, (1.8 ge) exhidbiting |
strong reducing and ketose tests, was oxidised with |
'nitric acid and after edterification and metiylation, |
yielded 3 fractions, of which the first two appeared
‘to be identical and, om treatment with methylealeoholid
| amnonia, yielded the same amide (02 ge) (recrystallised
from alechol, mepe 218° and («] 4 13° in water)s This
.laidl. however, bore no resemblance to any welleknown
- compound, although its amalpsis was in reasonable |
pgreement with thot of the diamide of tetramethyl
mueic acid, |
Fraction (3), on treatment with methylealecholie
amnonia, yielded a trace of a needle-shaped crychallineg
amide, resembling o dimethoxy succinamide in crystalline
structure and melting=point, but the high boiling=
Point of the fraction, from which it was derived.,and the
analytical figures threw doubt on this finding.



Nothing resembling the tetramethyl fructofuronamide

. of Avery, Haworth and Hirst ¢8) was isolated,

| As no constructive evidence was obtained from

- this oxidation, attention was turned to the cmtsu.mf.

| ¢omponent of the ketose fraction, and the results of

| this work have been deseribed earlier in this thesia.

Thies compound, shovm to be 2 § 4-dimethyl 8§ § 6+

anhydro pemethyle{~galactoside, exhibited strong

Seliwanoff and Bredereck tests, and it was thought

poasible that the positive ketose colour reactions

were due to the presence of this substance, oy the

ayrupy e=form, in solution. It wes therefore

decided to remove this anhydride and this was earried

out by a partial hydrolysis of the syrup (using |

Negulphuric acid ot room temperature)s The residual

syrup was extracted with ether to remove unchanged

material, the free anhydro sugar being almost insoluble

in this solvent, It was found posaible, in this way,

to obtain a emall quantity of erystalline 2 : 4«dimethyl

3 & Geanhydro~/egalactoae, mspe 118° (Hands and reat

(6) gquote 114¢), but owing to ite emtremely hygroscopie

nature, the c¢rystals became syrupy almost at once,

This explaing the difficulty encountered in attempts

at crystallisntion during the exomination of the properties

of 2 ¢ 4~dimethyl 3 ¢ Geanhydro-f=galactose (Part I)e
The ethereal extract was evaporated to dryness



and distilled, under reduced pressure, severdl fractions
being collecteds The presence of reducing sugars

in the fractions of higher boiling point showed that
this method did not completely exclude hydrolysed
 products,end that the faint ketose tests might still
be ceused by anhydro=suger impurity.

An attempt wao then made to remove any tetramethyl
 methylgalactoside which might be present due to the
incomplete removal of the 2 ¢ 4 & d~trimethyl meth, 1~
galactosides, or to the presence of dimethyl methyle
" golactosides in the hydrolysis products of methylated

agars A portion (1.75 ge) of the mobile ayrup
((«]"+ 60°, OMe 54%), after removal of the dimethyl
anhydro methyle=fegalactoside, was hydrolysed with
| Nesulpbpric acid at 80° until the rotation remained
 constent ([u]'f# £6° )s The reducing sugar (1.6 g.) wes
trented with eaniline, in the presence of alechol, to
yield crystals (0,03 ge) of 2 ¢ 3 3 4 & Ge~tetramethyl
galactose anilide, Several crops of crystals (0,08 g, )
were obtained on prolonged cooling (08C.)s The
solution, on concentration,yielded a furthey erop of
crystels (0s24 ge)s The syrupy residue was treated
a8 deseribed by Haworth, Hirst and Ruell (10)e A
reducing syrup was thus obtained which wes subjected



- to methylation, using silver oxide and methyl iodides
On distillation, a mobile syrup was isolated (0«12 g ),
| OMe 86437 and [a]:°+ 50* in chloroform, which gave
' negative results when tested for the presence of
ketoses by the Seliwvanoff and Bredereck roactions.
Owing to the very esmall yield, howaver, no e¢onclusion
could be drawn as to the presence or asbeence of a
ketose in the original syrup.

Another portion of the asyrup (2.6 g.), from which
- the dimeth;l anhydro methyl-galactoaide had been |
removed by treatment with Nesulphuric aeid, extraction
 with ether and distillation, was hydrolysed as hefore
and the product subjected to mmilide formations In
ally 0+23 ge of tetramethyl grolostose anilide wae
. recovereds The noneorystallisable residue (2.2 g.)
was heated with 3% sulphuric acid and, after treatment
- with barium carbonate, the aniline was removed by
 extraction with ether. The pqueous layer, on
evaporation and rethylation, yielded n colourless
 mobile 8yrup (X) led Ges bLepe 90100°/,01 mm,, OMe 577
| [¢]f+ 38° in chloroform,which gave no colour reactions
for o ketose., This appears to show that no ketone
exists in the hydrolysis products of methylated
agar.

The posoibility of the precence of a pentose



or & mothylpentose could not be exoluded at this stagej

the bepe and methoxyl eontent being in agreement with.-.-'
for example, the trimethyl methylrhamncside of Hirst

and Macbeth (7), (OMe BOeS%y Depe 101°/9 mme)s

~ Noreover, the precence of a pentose and o mwaémtou,

. 4n the products of the hydrolysis of agar, has been

reported by seweral workers, ¢.ges Reichardt (8),

. Tekao (2) end Mptsui (3)s An estimation on dried agar,

by the method of Norris and Resch (9), showed that no

 pentose or methylpentose existed in agar,

The residual syrup (X) (1.1 ge«) s, therefore,
hydrolysed using more vigorous conditions, 8% aqueous
hydrochloric aeid at 90°, and anilide formation was
ecarried out on the products of hydrolysis (0.9 ge)e
Several arops of orystols (0.35 ge) were obtained
by evaporatiom of the solution, and were shown to
consist of 3 3 3 ¢ 4 & Getetramethyl galactose anilide,

From the origimal "fully methylated ketose .W';'.
therefore, the only identifishle products which heve
been isolated were tetramethyl galnctose anilide and
2 ¢ 4=dimethyl 3 ¢ Geanhydro Legalactone.

It has been found also recently in this laboratyey
that both 3 3 Geanhiydro a-methyl degalactoside and 2 §
4-dimethyl 3 & Gesnhydro e*rethyl d-galactonide, vhen
hydrolysed by sulphurie acid under the conditions used



Eror the hydrolysis of methylated sgar by Somerville (1),
wore partinlly destroyed during the trectment to give |
imm products, which reacted with sodium hydroxide and
iodine solution in the cold,to give an immediate
Epzacipuﬂu of iodoforms This behaviouy suggests the
presence of laevulinic acid, although sufficient |
quantities of materisl have not yet been svailable for nn
exnot identifications Unfortunately, an earlier |
experiment along these lines gave negative results,

%md encoursged the velief that the lmevulinic acid |
produced from agay was due to the decompesition of |
fumeia!m:\' sugay, such as a ketose or a 2«desoxy pentose.
!It however, the laevulinic acid production is due to

| the decomposition of 3 & G-anhydro-{ »galactose, and thb
|a.mmmt of methyl laevulate produced is certainly of i
‘the same order as the amount of 3 § G=anhydro-{egalactome
;dcrimt:lua so far isolated, it is c¢lear that, whataverf
;othez residues are present in agar, there remains no
;remmn to assume the presence of a ketose, at any rate
iin layge proportion.

| The presence of methylated galactose derivatives

_' in the"ketose syrup” oan be due either to an incomplete
‘separation of the trimethyl methylgalactosides or to

the presence of dimethyl methylgalagtosides; both of



|
which would eventually become tetramethyl methyle
' galactosides, owing to the methylation progcess necesse
:m for the isolation of the anhydro {egalactose !
| fragment, Attempts to form crystalline di= or
Emmwnalactoaumea from the unmethylated syrup,
| (pe 43, OMe 407 ) were successful and another method !
of attaok mpgat be sought if this point is to bhe
decided.
In many polysaccharides, e.gs xXylan (12), swcegoﬁ
' (13) (14), galnctogen (16) and the araban isolated |
: from peanuts (16), thW;ﬁoxoﬂ or mmwyfwntonai
rensidues have been isolated,ond this is of great |
| importance with regnrd to the theory of cross=linkages,
| So far, however, it has not been maibu to ncmls.t‘
 any information aleng these linea for agar, owing to t*n
‘ experimental difficulties, |



|
A specimen of the clear colourless syrup (O«d ges
nY 1e4492, OMe 567, [«]’+ 16°), obtained after ti®
removal of the 2 i 4edimethyl 3 i Geenhydroefemetiyle (-
galactoside crystals from the fully-methylated "lm»tmamu"j
fraction of the hydrolysis products of methylated agar,
wes heated with Neoxalic acid (20 ees aqueous solution)
end the temperature was maintained at 80°C. |
[ﬂ]:z:l + 16° § + 20° after 30 minutesj + 20°
after 1 hour, and + 20° after 12 hours, the solution
being then strengly reducing to Fehling's solution.
The oxalie agid was neutralised by heating with
ealeium earbonate,the solution filtered and the
Toaidual yellow syrup dried ond distilled under re-
ducod pressure, beps 140-145°/.02 mme, to yield a |
:fuuw ayrup, 0409 ge)» n % 1.45092, (c] 4 26° in wa.tar
(e. 140 )s OMe 487, which gave a strong Seliwanoff |
gtant and was strongly redusing to Fehling's solutions |
}ru aniline acetate test showed the presence of mm-'
al and the syrup decolourised a neutral potassium
pairmanganate solutions
| This experiment wes repested using the above



;birup (2 ge)s under the came conditions but stopping
" the hydrolysis after 30 minutes, to yield a yellow
yrup (146 @e)s Depe 140%148°/,0L mme, n' 1.4553,
_[sj;:’; 19° in water (C, 046), OMe 527, strongly
reducing to Fehling's solution and giving positive
furfural end Seliwsnoff ketose tests,

The above reducing syrup (1.5 ge) was treated witﬁ
‘concentrated nitric acid (10 cecs) at 80° for 1§ hours
'in the manner deseribed by Avery, Heworth and Hiret
| (8)s The mixture was diluted with water end the excess
‘nitrie acid removed by distillation at 50°/ 16 mma,
‘water being sdded continuocusly during two dayes The
watey was then removed end the syrup dried by seversl |
treatments with alechol and benzene, the solvents veing
.| evaporated under reduced pressures IMethylealeoholie
'hydrogen chloride (3%, 90 c.0¢) ¥ns then added and the |
.I mixture kept at 80° for 4 hourss The solution wns '
‘neutrelised with silver carbonate, filtered and the
filtrate evapcrated to dryness at 40°/15 mm, The
residual eyrup wae methylated,using methyl iodide

(B0 ceca) and silver oxide (30 g«),and the fully

methylated syrup (1.4 go) dictilled.



Fraction (1) 045 ges bBape 90-95°/,01 mm,,
eolourless, syrup, n'’ 1,4412, |
(#) «21° in methyl alechol (C,1s1)s
Oue 80%, COoOMe 39407, nonereducing I
to Fehling's solution, '
{2) 0ub ger beps 95«1056°/,01 mme, |
colourlese syrup, nfﬁl-«éo.
[a]728° in methyl aleohol (C, 0s6)s
OMe 49%, COOMS 39.47, ninereducing
to Pehiling's solution, |
€5) 015 gy bepe 160%180°/,01 mm,,
heavy colourless syyup, [ullft o®
in methyl alechol (C, 0.3),
OMe 668, |
Proction (2) was treated with methylealocholie :'
ammohia (6 esce saturated M’. 0°C.) and kept at 0° to#
48 hours, The ammonia and tho methyl alcchol were |
removed under reduced pressure, giving a emsll manntl
of orystalline material (Os1 ge) which was. |
recrystallised from aleohol, mePpe 218°, [u]‘:ji- 13°
in water (Cy» Oa3)s
Anelysis
Found Co 443 § Hy 7e3 § 1, 10469
Cale, for CioHsoOgias Cs 4Bed § Hy 7B § N, 10,67,
Ester determination on Fraction (2) § COOue, 39.4,
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calcs for Cyz/izals § COOMe, 40.17.

Similar cryctals (Osl gs) mepe 218°, were obtained on
;treatmnt of Fraction (1) in the same way.

| Fraction (3) on treatment with methylealcoholie
armmonia yielded long needle~shaped crystals (0400 ga ), |
:mpu 268#280°, which resembled d-dimethoxmy succinamide,
mepe 276~202°, and & mixed melting-point with an
authentic specimen showed no marked depression (262«
278° )} the difference in rotation, however, threw
doubt on this finding, viz.(x]’+ 83° in water (C, 0.6)
compered with (s)% 89° in water (C, 047) for dimethoxy~
de=puceinamide,

Analysig.

Found 3 Cy 38eD § Hy 6B § Hy 1746
Cales for CglygOuiiag § Cp 4049 § H, 648 § N, 1549%.
‘Methoxyl on ester, found § 657
Cales for CgHyeOs § 607,

It is obvious, therefore, that if thias
:cryatanina compound consists of de~dimethoxy succine-
jwido. it must contain a large amount of impurity.

The methylated "ketose” (8.1 ge» {«1:"4» 10° in

ehloroform, OMe 567), was treated with Nesulphuric acid
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(80 ce0s) for 24 hours at yoom temperatuve, the
sclution neutralised with barium carbonate and the
filtrate eveporated to dryness under veduced pressure,
‘the syrup being dried by treatment with alechol and
bensengs and the residue was extracted with ether,
leaving & white colid (047 Ze)e This solid, mePe
118°, ONe, 32,87 (ealcs for CpHya0Ops OMe 32,61),
and (x)°e21° in water (C, 1+3), wae extremely hygros~
copic and becams syrupy on stendings It was ltrmsl.vé
' redueing to Fehling's solution end gave a atrong
Seliwanoff tent, ita properties thus being in
' agcordance with those of 2 § 4~dimethyl 3 i geanhydro=
{ »galactose,which we were unable to erystallise om
former cccasions (Hande and Peat (6) quoted mepe 114°
for this substance )s
The seolvent was twnd in a high vacuumy
Fraction (1) 0493 gep, baps 85+90°/401 mme,
eolourless oil, n' 144651, faint
Seliwanoff test, nan=reducing to
Pehling's solutions
(2) 2475 ges baps 95+2056°/401 mmy,
colourless oil, n' 144570, faint
Seliwanoff teat; nonereducing to
Fehling's solution.
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(3) 1440 8¢y Dope 106-115°/,01 mm,, colourless
oil, nfl-im. pesitive Seliwanoff test,
slightly reducing. :

(4) 1400 g+ Depe 115+128°/,01 mms, colourless
eyTup, n ! 1.4796, strong Seliwanoff test,
strongly reducinges Olie, 39.2%.

(6) Residue 1.1 g+, strongly reducing, Seliwsnoff
test. positive,

Fractions (1), (2) and (3) were combined and

subjected to two methylations with methyl iocdide
(30 cets) and silver oxide (39 ge) for 11 hours at
42°, and worked up in the usual way,

Fraction (1) 2401 ges DePe 90+200°/401 mme,
colourless mobile syrup, n'> 1,4651,
ca, 4%, (4]°+ 6042° in ehlovoform
(Cy 0e8), faint Seliwanoff test,
non=reducing to Fehling's sclutions

J2) 1479 Zep Lape 1002110°/,01 mm,,
colourleas mobile syrup, n;‘,"x.am.
Olie, 56y Ei]:; 60° in chloroform
(Co OuB)y faint Seliwanoff test,
nonereducing.

(3) 0446 gos Depe 110-125°/,01 mme,
colourlens ayrup, n'fl.ibﬁs.

[s]:°+ 4446° in ohloroform (C, O«d)s
faint celiwanoff teat, nonereducing.
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Praotion (1) (0el5 gsy n° 1,4531) wao dissclved
in Nesulphurie acid (10 ¢4¢e) and the temperature
maintained at 80° (&]“+ 60°; + 58°, after 1 hour;
+ 56° after 2 hours; and + B6°, after € hours,

The solution at this stoge was strongly reducing.
§ Hesulphurie acid (B c.¢s) was added and the mixture
heated for a further 3 hours at 80°, but no change
 in specific rotation was observed.

A similer hydrolysis was cerried out using 1475 8»
of ayrup (n'f 1,4831) in Nesulphuric aeid (5O c.e4)
_at 80° for 4 hours, (¢)°+ 55°, unchenged on further
heatings The solution was neutralised with barium
corbonate and worked up, yielding a atrm&!; refueing
brown syrup (Le6 ge)e

RLiom Of ietrametovisaiactong AnilicG,

" The reducing syrup (1.6 g.) wos dissolved in o
mixture of alcohol (10 0.0s) and pure re~distilled
oniline (0.8 ge), and hented at 90° for 1§ hours, On
cooling, Iaillv needle~shaped crystals were obtained
(0403 go)» mepe 1985°,  The sclution was filtered
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 and the filtrate allowed %0 stand at 0°C, for two
days, yielding more eryctals (0.04 ge)e A third |
‘bateh of crystals (0402 ge) was obtained after several
days at 0°Ce The alocholie solution was evaporated
under reduced pressure yielding a furthe® 0,02 g, of
: crystals, and was then evaporated to dryness, the
oryastals (0.24 ge) being sepafated on a porous tile
_and washed with a small quantity of aloochols These
ioryatala,CO.aﬁ ge¢) Teerystallised from alnahnl,had
MePe 197°+108° and gave o mixed melting-point 196°

| with an authentioc sample of 2 £ 3 § 4 § G-teatra~

' mothylgaloctose anilide; mepe 197°,

Analyais |
Found: c. 60.83 K. 7.9‘" Iq, ‘.“3 m,88.+-

1

| Calos for CyeHagOgWiCy 61473 H, 8,04 N, 4450} OMe,59497.
| od

Unchang
(i g,

-

. After removal of the tetramethyl galoctose anilide
- erystals, the porous tile was extracted several timess |
 with acetone and the aniline removed by the metiocd of
 Haworth, Hiret and Ruell (10)s The sclution wes
rendered faintly aeid to Congo red paper with |
hydrochloric acid and then steam distilled for 3% hours,
until no aniline was obtained in the distillate, The
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residunl mixture was neutralised with ailver carbonate
mnd tim filtrate evaporated to dryness under ﬁm.tshod
pressure. The syrép wes dried by treatment with t
alechol and benzene and the solvents removed in &
 vaguum from the dark solutions The residue was
extracted with methyl alcohol, yielding a faintly
reducing . light brown syrups This syrup wes auhaactadl
- to methylation with silver oxide (20 th) and methyl |
‘todide (26 go) for 11 hours at 42°, and distilled under
ﬂd_luaed pressure,to yield a mobile ayrups 0412 e
Deps 9B4106°/40) mma, n'> 1,4824, Oue, 56437,
(¢]9°+ 80° in ehloroform (C, lel)s noneredusing end
giving negatiyge teuts with the Seliwanoff and Bredereck
 reagentss ‘ |
| Ancther portion of the syrup (2.6 ge)s after
- removal of the dimethyl anhydro mothylcgelactoside

in the mamnner deseribed above, was hydrolysed using
| Ii-wiplmzlc acid at 80° for 4 hours snd the reducing
- sugar {244 go) Srented with aniline (1.8 g.) and
 alochol (10 c.0e) at 90° for 1 hours, In all, 0.23 g.
 of tetramethyl galactose anilide was cbtnined and the
. residue, extracted fwom the porous tile with acetone,
was tyreated in the following maymers. The anilide
mixture (2.8 g.) wes heated with 3% sulphuyie aeid
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(80 cece) at B0° for & hours, and then wormed with
exgens barium garbonate, which neutrslised the
sulphurie acid, and, at the same time, decomposed the
aniline sulphatesy The aniline was removed undery
reduced pressure to yield more crystals of tetramethyl
galnotose anilide which hed evidently resisted
décomponitions The aquecus layer wns evaporated
to dryness under reduced preasure, to yield a brown
syrup (led ge) which reduced Fehling's solution but
gave negative ketose tests, This syrup was methylated
with eilver cxide (39 g.) and methyl iodide (30 g.0s)
- for 12 hours at 42° and theproduct distilled in a
high vacuum, %o yield & mobile syrups 1420 Gep DePe
90100°/401 mmsy 0144548, CMe, 57.0%, («]+ 38° in
chloroform (C, O«d), nonereducing and giving no ketose
¢olour reactionse |
This methylation and distillation were undertaken
partly for the purposes of purification and partly
to attempt to inerease the methoxyl sontent to the
value for a fully methylated haexose.

Intion of more Tetramethvl Gulsctope Andlida.

‘The above ayrup (lel ge) was then hydrplysed at

- 90° ueing 8% aquecus hydrochloric acid (25 ceCe)s
(«l°+ 38° foll to + 35° after 3 hours and remained
unchanged on further heatinge The solution, neutrale



- dsed with silver carbonate and worked up in the uﬂunl;
Way, yielded a brown syrup (0.9 ge)y which was very
- strongly reducing to Yehling's solution. x
| Aniline (0«8 ge) and alechol (4 0.0s) were added,
' and the mixture maintained at 90° for 1 hours.s On |
cooling, needle shaped crystals (0405 ge) separated
_out, mepe (without recrystallisation)i94=196°; mixed
Meps 192=195° with a known semple of tetramstuyle
gelactose enilide showed no depression. The rotation
[«]';':-w in acetone (Cy 045) was in sgcordance with
(6)5%71° in acetans (C, 0s2), found by Munwo (11)
Further batches of cxystals (03 Ges MePe 169=10R°)
were obtained on evaporation of the mcther uqua!;
- showing that the fully methylated syrup contained a
large proportion of 2 8 8§ & 4 § é-tetramsthyl methyle
galactoside,. |

angd Hathvipenteag Eatimntico)y on Agalrs

Dried agar (0.5 ge)y with socdium chloride (22 g.)
(Horrie and Resch (9)), was heated for 2§ hours at
178+180°C, with 12% hydrochloric acid (100 ce@s) in
an appayantud fitted with a dropping funnel and a
condenser, During the course of the experiment 12
additions of 30 €40s portions of 125 hydroghloric
acid were mades The standard Phloroglucinol
solution (40 ce0s) was added to the distillate and the



total volume made up to 400 ce.Ce with 12%7 hydrochloric
~acids lNo precipitate was obtained after standing for
' several days, showing the abesence of pentoses and |

| mth;,émtau-.

The 'ketose' fraction (1.6 ge) from the hydrolysis
of methylated agar (p. 43, OMe 407) was hydrolysed at
80° for 3 hours with 57 sulphpric aeid, neutralised and
 worked up in the usual way, The reducing éym (1.5 éo)
| was heated with phenyllydrazine hidrochluidc (1.2 3-){
sodium acetate (1.9 g+) and sodium bisulphite (02 ge)
' at 100° until the solution became cloudy (90 minutes).
The solution was cooled, filtered and the residue
washed witi: water until free from phemylhydraszine.
Atterpts were made to crystallice this product but
| without sueccess, The campound, however, was precip~
itated from o chloroform solution by petroloum
(bepe 60+80° ), and the solid obtained was purified by
subsequent precipitationss The solid, m.pe 82° and

Olle Gu33% [c“nno.n. (ocHg ) contains Bﬁﬂ]mt. there=
fore, be purified by another method before its structure

¢an be elucidated,
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Oxidation of the fully methylated 'ketose' (p.d4)
by the method of Avery, Haworth and Hirst (8),
failed to produce any eonclusive evidence as to

its eonstitutiom.

Mromu of this syrup and suitable treatment
yielded a erystalline anilide, nramely 2 3 3 ¢ 4 @
G~tetramethyl galactose anilide, showing the

syrup to coneist meinly of tetramethyl methyle ;
galactosides Ko other erystalline anilides were
encountered,

A pentose and m}éenma estimation on agar
showed the absenee of these residues in the
polysaccharides

Osazone formation on the 'ketose' fraction from
the products of hydrolysis of methylated agar
foiled to produce any identifiable products so
that, although the presence of dimethyl golagtosed
was suspected, no evidence for this ha_s yet beem
gecured,



In omelusion, the suthor wishes to offer
his sincere thanks to Drs E«GesVe Percival for his
unfailing intereést, and his moat valuable encourage=
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