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INTRODUCTION ;

Part I of this thosis deals with sn investigetien

inte the moleculsr structure of inulin, The general
structure of this molecule has slready been determined,
but there osre one or two details of fire structure whihh
i-till require elunidation, Une of these iz the guestion
%of the importanste of glucose in the molecule, and thie
iinveatigntion i1s an sttempt to define this,

| Inulin was the Pirst of the neturally occecuring
&olyfrnetocnno to be is0leted end hes reseived hy far
%ho nost sttention, It wes discovered by Rese f1) who
;nepfrtt.ﬂ 1t from an extrast of artichoke tubers, The |
name Inulin was firet used by Thomeon (2) in 1811,

r Inulin ocesurs in lerge quantities in dehle tubers,
;hcre it is the nain reserve cerbohydrate of the plnnt!
Lnd n1s0 in ehicory, Jerusslem artiohokes and dburdoek lo
? mruch snsller extent, |

i The first researches undertaken with s view to
Lctahlishing the structure of the molecule were thoase +f
#rviao and Steele (3), who methylated imulin by trcatmént
vith sodium hydroxide end dinethyl sulphate, They report
*hat this only gave them a partinlly methyleted compound
vhish wes converted into trimethyl imulin by Purdie's
fcthod, using eilver oxide and methyl iodide, On
Hydrolysia with 17 oxalie acid tricmethyl inulin gavwe nl
trimethyl frustose, which was chasracterised by further
sethylation to tetremethy! fructose whiieh wae identisnl
w1£h thet {eolated from sucrose,

i Tetremethyl frustose was obteained in excellent |

| |
yield of 951 of the total, end these workers therefore



nonsluded thet inulin is en nggregete of frustose |
urits, esech molesule having loet two hydreozyl groupJ
in the condensetion te pelyssccharide,
Irvine and Steele give two interpreteotions orl
these frots, Efither inulin nay be & polymerised
erxhydro-frustose, the reducing group being eliminsted
in the condensetion, or the fruntose residues mey be
condenscd in sueh & way that esch residue lones two
hydroxyl groups, one of whieh {9 the redueing graup.i
' Besed on this letter suppoeition, and te auoarh
' with their evidence, they suggest » ctruotural formuls
lror inulin; however, since knowledge of the ntruoturo‘
:ot the menognecharides was readicelly altered by the erk
'of Haworth e few years later, Irvine and Steele's

forzsules new hes 1ittle but historienl interest, Their
‘work is of importance in s0 fer 22 it is one of the
iftrtt exenples of the spplication of the methylation !
ltoehnlquc in the polysmccharide field,

| Howorth and Learner [4) followed up thie work,
iualng the new methods for determinestion of uoneancohn}ldo
structure developed by Heworth ebout this time, They
methylated inulin by one treatment with sodium hydroxide
end dimethyl esulphete, followed by three treatments |
vith Purdie's reagente, This geve trimethyl inulin,
‘whieh on hydrolysis gave only 314tf=grimethyl |
fructofurenocse, which was charecterised by the fellowing

series of recctionas
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Drew ond Howerth (%) working on the moleeculsr weight of
inulin, coneluded, from ebulliocscopie memsurements, that
i1t was not leses tham 3200 or 3600, { e, 20 to 22
enhydro-fructose units, They also failed to find » é
sample of inulin whieh did not show & slight end |
progressive redusing action on boiling Fehlings solution,
Thie, they eclaim, s due to the presense of redusing
groups 2% the ends of open chain nolecules, and
subsequent end progressive hydrolysies,

It 42 on the besis of thie hydrolysis of inulin
Iln boiling squeous solution that they eriticised the
Iearlior work of Pringeheim, who had deterzined the |
molecular weight of inulin by the eryoscopiec method
efter dissolving hie oesmples in beiling water, which
Eacoordin; to Prew end Haworth, rendered his resulds
invelid, Pringeheim replied to this eoriticism (6) by
publishing the results of work on the hydrolysie of |
fnulin e2nd susrose in boiling water, 'e found thet
inulin can be boiled in distilled weter, in quartz, or
evem in ordinary gleass vessels, for five houres, without
the redusing power smounting to more than 19 of thet
of frustose, On the basis of the discovery that sucrose
!reducoa boiling Fehling's solution efter three minutes,
Pringsheim discsgreee with Drew and Heworth when they
eseume thet Decsuse inulin reduces boiling Fehling's
' solution it must possess free reduecing groups et  tLhe
ende of the molecular cheins,

Pringsheim, Reilly and Denoven {(6) give values

of 1193 %o 2130 for the molecular weight of inulin in

| mgueaus solution, i,e, 7-13 enhydro-fructose roniduta+



]
|

Berner (7),e180 using the cryoscopio nethod, gi#c-
;vnluoo of %500 to A%00 for the moleoulsr weight of imulin
Ifrom various sources, i,e, chain lengths of 22.2%
frustoce residues,

These results serve to emphseise the very 1abile
naeiure of the inulin molecule, dut they leave one in |
doubt re to 1ts exmct size, end elso rs to whether 1t 1e
jan open chain melecule, with a free reducing group at:
one end, or of gome other form, whioch would be non-ro#uciag.

Two poasidle structursl forms have been proposed
for the inulin molecule, Fither that inulin is a
polymerised nggrezete of fructoee nnhydrides, or thet
;tt isa » cheain cf fructose residues,
| Evidence for the first type of strusture ias i
afforded by the work of Schlubaeh and Elsner '2) whoe
cleimed to have eynthesised the basioc unit of 1nuiin.!
They treated fruetose with suprie sulphate and noetone
‘eand {solated a compound whish sould be purified free
_fron enetone, ond which, on methylation and hydrolysis
gave %3lpb-trimethyl Pruetose, whish was preved idant{cal
with thet isolated by Haworth and Lesrner fron 1nulinJ
Their sompound hed the properties 2nd molecular ucighi
of a fructose anhydride, and they concluded from these
studiee thet the beeis unit of inulin ig either »

117=fructose anhydride or 2 112=-"g1~difructone
anhydride,

| Thies type of pelymerised structure for »
'polyanoohnrtddmolcoulo sssunes thet the individuml
units hold together by hydrogen bonding, end this ‘
'edmits the posaibility of inconstent molesuler !oight+,

_ |
and on this peint the evidence is conflieting, It muet



elso be taken into eanount that the evidenase of
ISahlubaah end Elsner 18 none tﬂgtﬁfc, ne they must

' have worked with frustopyrenose, snd from methyletion
;ltudlll inulin has been showvn to conszist of frustese

'whieh 48 preszent solely in the furenose form (4),
|

By far the grester veight of evidence pointe tni
n echain structure of chemicrlly linked units, so nuoh%
K in feret, that the polymerised form of moleouler
.atruetur- ;I no longer sonsidered,

Evidenne for this type of structure ocomes from
!tho methylstion studiees of Howerth and Learner (4), i
‘ané Haworth, Hiret and Pereivel (9), These lstter i
‘workers obteined trimethyl imulin from the trimectyl |
eompound by treetment with sodium hydroxide and ;
dimethyl sulphate in mectone solution, & procedure
diseribed by Haworth end Streight [10), After hydrolyaie
of the trimethiyl inulin, they gquentitetively datorn!nld
‘tho sanount of tetramethyl fructose, whish, on the aha{n
ithcory, is derived from the non-reducing end grourp,
Ifron the percentnge of tetromethyl fructese isolete d,
inud identified 28 11514 16tetrenethyl fructofursncse,
‘thﬂll suthores conoluded that inulin consiste of a
!ohnln of 30 residues, :
| Thue the general struoture of the inulin |
ineloouln 19 now known a3 & result of these nethrlatloﬂ
:ltudioa, but two principle snomelies 2o to ites fine
strucsture have arisen, One of these is the guestion
icf the importance of difructose anhydrides in the
|

moleculsr structure, and the other desle with the

Irolc played by glunese in the molecule,
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Jackoeon and Geergen {11) lasleted 59 of noaured?o!ng
fdifructoae anhydrides from an ncid hydrolysate of inulin,
‘They desaribe these asompounds me for more resistent tg

iauid hydrolysis than the remninder of the molecule, =né

:thoy maintein that this property sesures their snrvlvTI
during the orignel hydrolysie, Tn 2 continuation of
‘this work, Jacksen [17) tsoleted three dietinet compounds

by fraction~] srystallisstien, Usmsed on the Pact thet these

'source of the polysamceharidé, and that they cannot be

!roncvnd by eleven "recrystallisstions” of Dahlie

eompounda escur in inulin {rrespeative of the netural |
|

glnulin, he states that they musthbe present preformed |

in the molecule,snd a3 a total of three difrustese

;aahyﬂridoo ia isolated, the ninimum molecular weight

of the pol secoharide becomes 17,6000,

| It would appesr that Jaskson has here cenuittedi
|

an error of ressoning, as it is obvious thatl the ferot

of 1soleting these difructose enhydrides from an
ilnulin hydrolyesate, nc matter the souree or purity,
idoos not preclude the fact thet they might be by-products
of the hydrolysis, end this is the contention of twe
Eleparnto groups of workers,

| Pringshein end Ohlmeyer (13) l;olatod en enzyme,
zinulaac, from Aaporgiliua niger, end they used thie
i-nzyne to hydrolyse inulin under very mild sonditbne,
They found thet the pclysasccheride was 959 hydrolped |
Ennd efter destruction of the frustose they attempted
ito fisolate Jeokeon's difructose enhydrides, but el
!thoir nttempts falled, They are, therefore, inelined
to the bellef that these compounds sre formed during

|

‘the seid hydrolysis, Haworth and Streight (14) previddd
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further evidence towerds this belief, They prepored
| fnskson'e sompounds by his methods, =nd oonverted them
iinto the hexamethyl derivetives, On hydrolyesils, thouc‘
geve only “1416-trimethyl frustofurencse, identical
‘with that isolated from the hydrolyseste of trimethyl |
;lnulin. Heworth and Btreight thue geave the followhg i

Pormule to the difruetose snhydridest

ﬁgTo
T GTK?
(o 5 - : n -
I 0 | |
Hel=0H H0wl-H ,
| 0 |
| HeO H-?—OH
I
| OH,0H H-0
l |
Q4,0H

110 =21 '=di=DPructofurenose enhydride !
|

| There ie here the possibility of three
sterioieomerie forms, depending on whether the likkage
‘between the itwo fructose molecules is8 «xx, xB, or BB,

Therefore the iselstion by Jesksom of three different

|
Heworth and Streight found that the hexa-enetate

enhydrideo nesumes added importance,

'of the iscleated difructose anhydride wes soluble in,

and erystalliiseble from, hot water, They repectedly |

extracted trimcety! inulin with hot weter but obtained

nething in the extracts, It seema probable them, that
these sompounds do not exist preformed in inulin, but‘
are formed during the scid hydrolysis, The fact that
Ithoy ere much more resistant teo hydrolysis than the i
remainder of the molecule, cennot therefore refute

the theory thet inulin is a chain of fruectofuranocase

residues,



|
|
The work haes been sontinued in en effort to ‘
estadlish the structure of these three compounda, Thcl

strusture of difructose mnhydride I {2 thet proved by|

Haworth and SBreight, but the other tso compounds are
i
not sterioisomere nas they suggested, Pifructone

enhydride III was shown by Jasksom and MeDensld {195)

|
to be 2 1:12'-033'-difrustofuranose anhydride, These |

authors alse produce evidence to show thet difructose
enhydride IT 45 v 211'=4¢2"'~difrustefurancse anhydride,

and thies structure has now been de”initely established (18),

| OHyOH
| | |
| H~?~0H 2 - '
]
I A Yo
| I I 0
HO=0=il T |
| | 0 |
| o, - e, |
| | |
| H=0 Q408 \
| I
' NH,01
|

142 ' =233 ~gi=D="ructofurancse anhydride (III)

OH,0d '
| - '
HO«--(I!-H o H~3=-0H
w0 :
ﬁ—? HO-%-H
aH,0H B 0=0H
e
éﬁeﬁﬁ

231'=432'=di~D=Frustofuranose anhydride (1I)
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|
Jestson nnd ¥eDonald {15) suggest & possidle |
meohanism for the originetion of the difrustose !
anhydrides from inulin, ae it now seens unlikely that
they exiot preformed in the polysscoharide molecule,

Their theory i2 that during the hydrolysis the inuli+
eggregeie is ruptured at various points, le-ving |
shortened chains e¢sch hoving » reducsing groeup =t unc?
ené, In a relatively small number of instences the i
hydrox?i group of the %ternirsl reducing residue i
eppare; L1y econdenses with one of the hydroxyl groups
of the penultinate fructose residue, thue forming =« ;

gifrustose anhycride entitiy vhich is so steble ns to

resisd further hydrolyeis, This sondensation of orne

- fruetese residue with 2 nlosely contigucus one 12 in

keeping with the %nown tendeney of frusliose derivatives

t0 pelymerine, Cn the penultimate fruoctose residue

. aveilable for this condensntion, end the union, thro

en atom of oxygen, of Oy with Oy of the terminsl

residue, would lesd tc the formetion of difructose

- peesitions %, & end ¢ beer hydrexyl groups which are J
&
|

enhydride I1I, Similerly, difructose snhydride II

. would be formed by union of 04 with O, of the tesmindl

| can only be formed Dy the momentary isolaticn of o

residue, This condensmtion can cosur at any tine |
before the somplete resolution of the inulin fragmente
into individual frustose unite, Pifructose anhydride h
|
fragment somposed of two frustiose units, followed by

sondensation: or by simultaneous hydrolytie splitting
|
|
The guestion rs to the origin of these anhydrtd?c

of the fragment and condenseation to the anhydride,

now sppears to be answered, but the ~nomaly existe



derivatives from m hydrolysste of triumethyl inulin,

1"

thet,vhile gluccse hau Leoen demonstrated in inulbm |
bhydrolysstes by meny workers, and im s variety of qua
f{ts funation in the molerulnr structure has not h-oni
determined by the definite 1ooleotion of methylated i
|

Tanret (17} =ao the first worker %o produce
evidense for the presence of gluoocee $n inulin, He
soncluded from the lowering of the roitntion om a-id
hydrolyeis, that it conteined one glucose to every
Yvwelve frustcoee residues, i, e, 7e 7%,

The wost conolusive work on this sudjeot to 454

would sppear %o be thet of 3chlubaeh and Elemer [17)

' who have dem nstrated the presence of glucese in 1nu1hn

by three different methodas, fler ecautioue hydrolysis
of triscetyl inulin with an soetyl bromide, acetio
acid, hydrogen bromnide mixture; debrominstion with
silver cerbonete} and soetyletion with en scetin

anhydride, sulphurie acid mixture, they isoclated

X=pentacetyl gluccee, This same produst was obtleined
directly from triecciyl inulin by trestunent with sn
soetie anhydride, sulphurie seid mixzture, They alse |

estimeted the reducing power of inulin, hydrolyeed

' with ,O5F sulphurie acid, by the Willstetter-Schudel |

|
wethod; and compered this value with the total mduoing

power as estimated by Dertrend's method, The resits
indiented »n nldose content of B4, whieh 1s in good

aggrement with the velue given by Tenret,

Sshlubsch end Elener explored the poseibility
|
of the rearr-ngment of some fructose to gluzose during
the hydrolytic proness by & contrel experiment em

sucrose, but they obteined n negetive result,
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This work might be eritisised on the grounds
that rectylation, besause of the conditions employed,
whioh are drastio for e molesule ns labile eas thit of
irulin, night give rise to changes ih the structure,
In the polyssecharide field = molecule is often
nethylated by treatment of the triscetyl ocompound
with methylating reagents, but it hes been found in
the 22se of starch that the molecule breaks up on
rcetyletion, and the high molesular weight compound
i2 only ebtalined 1f starch is methyloted direntliy, In
spite of this eriticiom hovrever, whioh &2 countered |
by the control experiment om sucrose, this work rauu#as
the soundest proof for the existronse of glucose i
preformed in inulin; but these suthors do not attcap*
to determine its poeition in the molesule, |

Glucose hes slgo been found ofter hydrolysis aé
inulin under very mild conditions by the enzyme |
inulese, i90lated from Aspergillus niger 2s reported
by ?ringshetu snd Ohlmeyer (13), They estimeted 1,%7
eldose, whioch they mssumed to be gluccee, by
differentiel titretion with Pehling's arnd hypoiodzte:
solutions, Ms the inulin was only 257 hydrelysed, thﬁre
exists the posaibility that some glusese might de
present in the remaining, unhydrelysed, portion, ‘

In further experiments, Chlmeyer and ?ringnholﬁ {19)
confirmed their previous value of 1,5¢ for the glueoie
content of en enzymatie hydrolysete of inulin, A
similar, sontrel, experiment om sucrose, produced
exestly the caloculated quantitiea of glueccse and
fructose; thus providing further evidence that the

glucose obteined from inulin 12 not formed secondarily



1%

from frustose, From the fact that no semples of inulin
of [o-(]D more negetive than —=49,2 have ever been prepeared,
and that incressing purification does not alter the
emounts of glucose present, they conclude that the
glucose is an integral part of the molecule and not
produced from an impurity,

The isolation of 2 methyleted derivative of
glucose from a hydrolysate of trimethyl inulin is .
reported by Irvine and Montgomery (20), These author;,
during work whieh confirmed the results of Haworth,
Hiret and Percival, isolated tetremethyl glucose,
obtanined after the further methylation of e trimethyl
glucose present in the neid hydrolysste of trimethyl
inulin, They e¢laim that the trimethyl compound is |
31816~trimethyl glucose., From control experiments
on purified 3t4s6~trimethyl fructofuranose, prepared
from trimethyl inulin, they concluded that the glucose

derivative had been formed during the hydrolysis ase

‘og\\b//ﬂ
!

2 result of the echenge:

OH,0H
HG-—-J} H=-0=0H
u.o~$—u 5 _— n.o-é-a @
H-(]}-OM € H=0=—0NMe
v S et
0H. 0Me 0H.O0Mg

It must be pointed out here that no similar
interconversions of partislly methylated sugars in the
hydrolysates of methyleted polyseccharides have been

reported subsequently,
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Rdems, Richtmeyer end Hudeon (21) elso mention
the presence of glucose in man enzymatic hydrolysste |
of inulin, They eetimnted it to veour to the eitent |
of 1,74, whieh i in egreement with the value given
by Pringshein and Chlmeyer, .

Cur knowledge of the part played by glucose !ni
the structure of inulin in in s somewhet unaatiafgot#rr
stete, There 12 a difference of 6.51 between values |
given for ite concentrarion, ané the various author.!
differ as to ite node of origin, The work which forn;
the subject matter of Part I of this thesis was |
undertoken in order %o reinvestigate the structure !
of the inulin molecule, with portioular reference }
to the position and importamce of glusose, The anadlt
possible nonditions have been used, and full ndvantnéc
hns been tenken of the modern teshnique of paper
partition shrometography,#hich hes new sssuned a
position of uajor inportence among the metheods avaliéblc
for the strustural elucidetion of meny naturelly

oscuring polymeris ocompounds,
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EXPERINENTAL

The Extreetion of Inulin from & ¥etursl Scurce add its
Purificetion,

Dehlie tubers (3.3 %g.,) of "2lue Danube”™ verkty,
were minced finely, eand the expressed juice flltcredl
through oleth, *fter an hour the filtrate hed solidified
end it weas then trented with hot woter {1500 ul.).ni_k
of lime wae added to pHB, and the solids were f!lter‘l
off, fht solution wes hented to 6§~TQ°0 and dilute
equeous oxnliec ecid wae added to pH7; eerbon was ndded
to decolourise the product, end after filtretion the
solution wes chilled when inulin separated, This solid
wns filtered off and kept in acetone overnight, The é
| produet was dried ss ocompletely emo possible by guction
| and finelly in an oven at 50°0, Praction Ie (50 g, )

The mother l1iguor wss coneentrated to 300 ml, |
under diminished preseure at 40°, and on shilling =
further orop of inulin wes obtained, which was dried

|
" a® before, Fractiom Ib (35 g,) i

The minned pulp wes extracted with water (5 1.i
et 60° for 1} hours, The extrast wes filtered through
- eloth end the filtrate treated as before with milk of
lime, followed by oxeliec aeid and earben, Inulin vuné
. deposited on standing, whioh was filtered off, vuaho‘
| #ith 201d weter and dried as before with scetone,

| Prection Ile (64 g,)

The mother liquer from this seperetion weas

- consentrated to ¥ 1; under diminiehed pressure, and
on chilling » Purther quentity of inulin separated,
FPreotion IIL (107 g, )

The pulp was further extrrnoted with water (4 1,)



i

et 62° for 1 hour, The extract was treated ms previously
end on soncentration and co0oling inulin separeated, which
wag dried in mcetone, Prastionm III (29 g,)

The total yield of inulin is 22§ €., 22 & fine
white powder, which represents .77 of the weight of
tubers taken,

The 2bove fractionstion wes performed in order
to mscertain whether the whole of the inulin a.ntulned
glucoese, or only a particular portion of it, By hydrolysing
e sample from esch freoction with sulphurie aeid Cé%},
end enslysing the neutralised hydrolysates on the |
paper chromstogram (1),zlucose was demonstreated in thf
‘hydrolysates of all these frections, |

The ash contents of the various fractions were
estimated and found toc be negligible,

The specific rotations of these inulin frasctions
lvaried from #34° to -58°, vhile the moest negative |
;vnluo given in the literature for pure inulinm is —-40,2°,
;In order to purify the inulin = sample of Dx]n-ﬁﬁ.T°
wae dizpolved in hot water, and the solution chilled
fta bring down the polysascheride, whigh was filtered
of f and the prosese repested in all seven times,
ffter finelly drying in acetone the semple showed
EXJD-#O.0°. Gluocose was still present in en acid
hydrolysate o2 wae shown on the paper shrometogrem,

Quantitative Estimation of the Glucose and Pructose
1iberated on Hydrelyois of Inulin,

The paper chrometogram teshnigue of Flood, Hirst
and Jones was employed (2), Inulim [ 14,32 l;.J}xlbnéo_g)

end ribose (779 mg,) 28 reference sugar were vwelighed
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into 2 emell tube, sulphurie seicd (0.4 31.533 rdded,

the tube secled end the polysescharide hydrolysed by

immersion of the tube in e boiling weter bath for

3 hours, After neutrslisetion, the hydrolysetes were

‘epotted onto the sterting lines of the paper chromstogmems

‘thlnh vere allowed to rum for 4% hours, The side strips

Ivorn eut off and the position of the sugars shown by

development with mamoniecsl eilver nitrate solution,

Those strips of the mein portions of the chrometogrems

sontaining the sugere were extracted with weter 7% ml,)

and the sugers in the extracts were estimated using tﬁo

Somogyi copper reagent, 5 ml, ssaples of standard ‘

'selutions of glucese, fructose end ribose; end blenks

:eont-inil; en equnl volume of distilled water vere

!nlao trested at the seme time, After henting in e

‘boiling water bath for 75 minutes iodine wss liberuth

from the excess resgent by the addition of potseesium |

odlde solution (2,5%), and the seidified solutions

Evtro titreted with sodium thiocsulphate (approx, 5%5)

8 w1, ribose solution {25.0 mg, /1,) required 7,588 ulJ thie,

The ribose from the peper required 2,427 ml, thi.aulyqati.
0.588 m1, = 0,175 mg, ridose |

. e 2'&'97 ml, o, 7&4 BE. ribese,

ki

%5 ml, gluecose solution (41.° mg,/1,) required 1.118 ml, thio,
The glucese from the paper required 0,257 m1, thiosulpheate,
.118 m1, = 0,208 ng, glucose
e 0,487 ml, = 0,0837 mg, glucose,
5 ml, fructose solution (37.0 mg,/1,) required 1.23 mﬁ. thie,
:?hc fructose from the paper required 6.23 ml, thioaulghatc.

1.2% ml., ] 04125 ng, fruectose

i

oo 6425 ml, = 0,237 ng. frustose,



19

Estimetion of glusose snd fructose using ribose ns

reference sugeri-

|
0,744 mg, ridose corresponde to the 7.99 mg, welghed in,

e D.0827 mg, glueose sorresponds to c?;:z * 0,0%37 mg,

= 0,9 mg, glucose,

T+ 29 , l

end 0,937 ng., fructese sorresponds te X 2,937 -;J
. 0. 744

i = 12,06 ng, frusyose,

! 159
4,

14,32 mg, inulin gives 162

= 15.,92 mg, hexcee,

%14, 32 =g,

!;. The percentage of the nonstituent sugers in the

!sunplc teken 12 1t~

. O, 9
a0 =
Clunoses 15,92 x 1 5, 61
T
Tuctoser 18,92 X3 = Be 29

‘A eimiler experiment geve velues of Olusocse = 4,79

' Frustose = 53,571
The course of the hydrolyeis of inulin by

:uulpburlc seid fé%) wes observed polarimetrioelly, It

‘wes Pound that equilibrium rotation ’[b{t?'-ﬁia) wae |

‘resched in *C minutes, This experiment was repested

using aqueous oxnlie eeid (2,2%1), end e similer result

wee ebtained,

The quentitetive ectimations were repeated using
this strength of squeous cxealie scid, and the following
‘results were obtnined: |

Glucone, 6,84 T+ 04 4, A4

Pructose f7.01 ?&tqi 93¢h‘ 9#- 5e '

The Oxidation of Inmulin by the Pericdate Tom

n) The Estinmation of the Liberated Pormiec Aeid,

j In order to obtain on estimete of the shain
|1ength of the inulin nolesule the polyseccharide wae
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subjected to oxidetion by potmssium periodmte using
the method of Heleall, Hirst and Jomes (%), To dried
inulin (approx, %00 mg,) was sdded potsssium chloride
f1g,) 2nd sodium periodnte solution {19 ml,; %ﬂ, the
volume wes mede up to 50 ml, The whole was shaken for
9 deys and nt the end of this time semples were taken
out at intervals, centrifuged, 5 ml, portions talken,
0.2 m1, ethylene glycol edded to destroy execess
periodnte, and the formie seld titreted mgmninst stendard
sodium hydroxide (epprox, 5%5}’ using methyl red
findluttor. A blenk experiment was run sonsurrently,
;onlttlng only the polyernecharide, The oxidetion wee
?uarrlod out in the dark and at room tempersture,
Sodiun hydroxide = 0,010p,

i Experiment 1) 220 mg, inulin
|

. Puration of Alksld Wo, of Residueas

| Oxidation Titre, / mole, of Pormis
122 hours Ds 319 w1, 62 |
167 " 0,%87 ml, 53,7
2t " 0,404 a1, 4o
235 " 0,406 wl, 42,6
208 ¥ Oel13 w1, 47.9

Experiment 2) 210 mg,inulin

192 hours 0.22° ml., a7
’40 ol 0. 2?55 ml. he.e
! 1) » Qe272 m1l, 47.6

b) The Fetimetion of the Uptake of Periocdate.
uptake

| In the determination of the perlodntohor inulin
|
dried polysaccheride (spprox, 50 mg,) vere oxidised

M
with sodium periodate (19 ml,; ), The samples were
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allowed to reset in the derk for verying lengthe of
time, The exnese pericdete was estimsted by the nddition
' of s0lid poteseium icdide and titretion of the libersted

fodine mgeinst sodium srsenite (fﬁ)

Weight of Inulin Puration of Uptake inm
teken oxidation molea/04H, 04
'590“ Mg, ‘B hﬁ“r. 0. 665
49,6 mg, by ® 0,874
&7.0 BEe a8 " D.92%

48,4 mg, 130 - 1,0%
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PIZCUESION

One of the outstending recent advences in ehcmi;nl
teshnigque 12 the development of filter paper psrttttaﬁ
chromstogrephy by Tonsden, Gordon and ¥artin 713) for
the analysis of nixtures of osmino noide, The methed

'has been applied to the snelysis of sugar mixtures by;
‘Pertridge (1), who found that the different sugers

' travelled down the paper chrometogran et different i
retes, so thet the un%?wn somponents of & mixturelrould
'be identified by comparison of the diectance they had
moved with the distence travelled by known ocompounde,
Plood, Hirst end Jones 2) have extended the use of ‘
the method by making possible the quantitative |
i-na!yslt ef & sugar mixture after the verious eoupanoﬁto
!hnve been sepereted on the paper chrometogrem, The
‘notboé has now been further developed by Srown, Hirst
Hough, Jonee sand Yedmen (14) %o cover the separetion i
iof sueh mixtures of methylated sugars s are obtained
' by the hydrolysis of methylated polyssscherides,

Thus s mixture of sugare ee is present, for
|

' instence, in en scid hydrolysate of @ polysaeshariie

cen be both guelitntively and quantitetively s2nalysed

‘using the peper ohromatogrem, Only very susll smounte
of the polyssocheride are necessery, and n ocomplete
enalysie can be performed in far lese time than wee

poseible by emrlier methods,

Inulin hes been extracted from Dahlis tubers
'under mild conditions, by an established method (6),

80 as %6 reduce to e minlwum the risk of working with

‘& pertielly degrsded compeound, The inulin wes obtained

in good yield, anc wae purified by repeated



| "resrystellissylons” Pfrom water, the rotntion “eing
!tnken re the eriterion of purity, 2s the purifisstion
!pro;relsed the rotation bename insressingly negatbve |

lbut remained comstant at -40,9°, This corresponds with

| the most negative velue given in the literature {7), and

|
thus this compound would appear to be the sane se thaet
obteined by Berner.2y uce of the paper chrom=togranm

glucose wans shown to de present in an asid hydrelynntk

of this semple, and 1t is therefore considered prnhnb?c

that the glucose is a constituent of the molezule undi
not present as an impurity, N
n
| Inulin hes been hydrolysed with 7 sulphurie
60

acid, and the course of the hydrolysis follewed

|
polarimetrically, The polyssceharide was hydrolysd ‘
|

completely in about 20 minutes, The experiment weaa

repested ueing 2.29%7 aqueous oxelie soid and = -iﬁﬂlqr

result obtained,
On estimating quantitatively the glusose and
 fructose present in inulin, the following values
were obtalned:!
Glucose Fruetose Oonditions

|

n
| Expt, I 4o 74 5% 89 6o sulphurie seid
‘ 100" 9, 2hours,
|
i

Expt, II Be 69 6% 21 ts above
Expt, 11X 64 8¢ 87,04 24294 oxelie ﬁctd
94,59 100° 0,, 2 ho&r-.
| Expt, IV 7.04 0%, 44 As above,
| bebe 9he B¢

j :
; Prom these rssults it will Dbe seen that the
| |
' percentrge of glucose does not very outeide the

|

itxporiutntnl error of the method (2) when oxelis soid



24

1s weed for the hydroloyis Instesd of sulphurie ao!d;
but 1t 1s eapparent thet the Prustose is being dalﬁr.}&&
by the minersl =eid, ﬁenltdering Lthe percentage of
glueces %o remaln comstent irrespecstiive of the h:draiytlo
eonditions, and that the total sugars eotizeated amount
to 1004 of the inulin hydrolysed by the sxalie nal‘,:
it may be conoluded that the gluscose present is y
preformed in inulin, and not formed seecondarily from

fructose during the hydrolysis, An average walue rori
| the amount of glucose present in inulin 12 5.74, Thie
| value 18 in dose agreement with the results eof other
workers who have estimated the glucose content of
Cdnuldn (19) (19), !
| " Inulin was subjected to oxidation by the periodate
'ion; in the firel instence the relesse of formie aoid
was investigated, end in the seoond the uptake of yer}odato

|
'wne determined, Pericdis ecid oxidation, first !

' in the field of suger chemistry beceuse of the highly

' introducec by ¥eleprade (8), finde ueny spplicotims

in-lootivc neture of the reaction, It is applicedle
‘only %o compounds having two or more hydroxyl groupe
‘or hydroxyl end smino groups (%) sttached 1o adjecent
:oarbcl stoms, the U=C boné betweenm these atoms being |
‘broken in the recsetion, Une moleocule of periodete is
iaontunod for each 0=0 bond split, and formie acid ie
:llbor-ttd if more than two adjescent hydroxyl groups
‘are preaent, If the substance exenined is mot eleaved
by periodate it is evident thet ne adjecent hydroxyl
%groupu are present,

If the terminsl resicdues of e polyssesharide |

are such thet they contein three edjrcent hydroxyl
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groups, then pericdate oxidation afferds a peesibhe
method of estimating their number, provided that the
non-terninel residues sre suech that they 4o net yield
formis meid, This method should be eppliecadble to any
| polyssncharide consisting of sheine of 1:4- linked
. hexopyrancasc residues, Earlier attempts to make use
| of this prosedure ensountered difficulty in that thc.
| oxidation is not arrested at the stage when Y mole,
of formiec acid has been liberated from the terminal i
| group, In order to prevent this over oxidation, Hal:ahl,
 Hirst and Jones (5) used potassium periodate, which iP
only 9lightly soluble in water, Using this salt, and
' keeping the coneentration of the formic seid produced
to & low value [ca, 10 mg, /100 ml,) they were able to
ylbtaln csonsistant and relisble figures for the amount
]er Pformie acid liharated, !
‘ If the inulin molecule i3 2 streight ochein
'1inked through the 712~ positions, ns was zhown dy
‘Hauarth and Learner (12), each residue, apart from
the reducing end group, will take up one mole, of
iporlodntc to give a polymeric aldehyde, The graph of |
‘the uptake of periodete ageinst time for the inulin
;-olcoule shows that there 1o a2 falling off in the
irnt. of uptake when 8 value of | mole,/ residue i»o
‘reashed, Thus the value expested for a 112~ linked
polyfructesan is obtained in practice,
In the redusing end group of inulim position osl
is not blosked, so that, im all probadility, |
:thia residue exists in the pyrancse form, On oxidation

‘hy the pericdate ion encsh reducing group will give

rise to 3 moles, of formio asoid.



| OH, 0=

If the end reducing group, like the remeainder

E Tazo- OH 0 ?uao-m
=0 ——— 020 ——— LLLE 2008
qué—n HOOOH HOOOH HOOOH

ﬁ-é—ou o H000H HOOOH HO0OH

ﬁ-é—ﬂﬂ oHO oHO HOOOH
éug——— o, ga?on HOHO

of the moleoule, exists in the furencse form, the :

- resotion with periocdete 1o somewhat different from

- the sbove, but the end products are the sene,

|
| OH, 0~ 01 5 0w 01 4 Onem O,
Boné Oaé—————— CO0H éOOZ“j
HO-$-H HOOOH HOOOH HOOOH
ﬁ-&-@ﬂ ! QHO HoO0H HOOOH |
iﬁ-‘lﬂ ﬂ-clﬁ e QHO HOOOH |
4H@0H éHEOH 0H,OH A0H0

Experimentally it was found that 1 mole, of formie
acid wes liberated for every 4% anhydrofrucstose residues,
but ss three molesules are relersed from esch reducing
end group, the value for the cheain length of the inul}n
used beocomes 1§4 essuming that the glucose present is
' pert of the pelysaccheride molecule, and not present
a8 on mesceinted polysacoharide which eennot be romnvid

' by the purification process used,
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SUMMARY
1) Inulin hes been extrected from Dahlies tubers and
purified to constant retation, Dx]n—40.0: whieh is
in very close ngreement with the most negative value
given in the 1iterature, —40,2, (7),
2) The peroentege conposition of this inulin has bLeen
determined elfter hydrelysis with sgquecus oxelie acsid
(2,284), 3~ Olueocse, B.79, Fructose, Dh.3%,
3) This pure polysesocharide hes been oxidised with
potessiun pericdate, anéd the relense ef formle acid
%eatim&ted. The value for the chain length determined by
this methed {8 1Qkenhydrofructofurancss reliduts..
&) The uptake of pericdete is consistant @dith the |
view thet fnulin consiste of & shain of anhydrofruetcﬂurlnoto

residues linked through the 12~ positions,
|
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EXPERIHENTAL

' The Methylation of Inulin,

The method 18 m modification of thet used by

Heworth and Learner (1), Pure inmulinm (20 g, []'=39.9°)

' wse dissolved in sodium hydroxide solution (240 g1, 551)

and the flesk suspended in a water bath, the tcnptrat#ro
of whieh wee kept constent 2t 35" 2 throughout the
experiment, The solution wes stirred mecheniesnlly, uné

dimethyl sulphate (120 nl,) wes ndded ez evenly eo»

' possible over two deyes, A totnl of three such tr-duon#s

wore glven,

After the third methyletion the tempersture of

|

|

_ |
the water bath wes brought up to the beiling point |
|

|

end uninteined there for 30 minutes, then cooled to

12° while the alkall wes neutralised dy the sddition ?f
sulphurie soid (754), Helf 1t%s volume of ethenol wrs i
edded to the mixture snd the precipitated sodium ‘
sulphate filtered and washed with chlereform (500 nl.#.
The aguecus ethanel filirete was concentrsted under
diminished pressure to a2 syrup, whieh soon nol!d!f!¢d4
This sclid was extreected with chloroform (200 m1,), n¢¢

the extiraest, together with the above washings, was

' distilled under redused pressure, to leave a frisble,

18 °
pele yellow solid, (16,3 g.,E{L-@&,# g = 1,00 in 0301,).
The Purification of the Trude Methylated Tmulin,

The materiel obteined from the ahove process
was contaminated with sodium methyl sulphate, whiesh |

wag removed by weshing with successive guantities of

'het water, After three washings the methylated inulin

jvn- éried wvhen it hnad EuJ-HQ 5 and Ole = 43,04,

This produst was subjected te = further uethylation
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I
in seetone solution, using the method of Havorth aad‘
Streight 72), The temperature was meintained ot 50° i
vhile sodium hydroxide selutlon (420 =1, 23%) end }
dimethyl sulphate (195° nl,) were vdded during 9 hoar#.
% the ond of the medhylation, water {150 nl, )vas edded,
i and the noetone distilled, The methylated inmulin, whiPh
separated from %the 20lution ee pellete, wes Ciltered

and washod with water, Pirestly cold, then hot, when
the produst (1%,% g,) wen celcurless and the mokings
free from sulpheaie,

The Pregticnstior of the Yethyleted Inulin,

The methyleted fnulin 13,5 g,) was 2ivgelved
in ehloroform (40 w»1,) nnd freeticnally presipitated l
by the sdditicn of 1ight petroleum (42-42° ) 4n 190 ml,

'portions, the sclutien being atirred vigo’%oua!y

mepnvhile,
Praction T A00 mY, petroleunm B 1 Bd
Freation 1I ROO nl), . Te2 g4
Praastion 11T 299 al, » o.4 g,

Residue nfter dlatillation of the solvent 0.5 g,
|
Totel resovery 13.2 :ﬁ

(The firet three frestions were fine zhite, slumost

lerystaliine povders, Thelr sonstants were ss followsy

' ° |
Frastion 1 [<], =5%. 1 Lo = 1.0 in 0HO1,) OMe = 42,04
Prection IT [o<], =nkon® " " ) CMe = 43,61
. Preetion ITT [ mmt, 0" ¢ . ") OMe = 43,4¢

The rotetior of trimethy! inulinm 4n ehloroform is

given mg ~34,0° (2)02),
|

The Remethylation by Purdie’s Kethod,

| |
| The above three fracticns were further nethyiatﬁl

‘la 4 g. portione using methyl ledtde (70 ul,) =nd



|

| 2

!lllvor oxide (50 g,) ndded in % gz, gquentities to the
gently rcrlu;lu; methyl fodide salution every 20 nlnuéon.
The produst wes resovered by extraotion of the solids

with chloroform,which wee partielly removed under
diminished pressure, end the methylated inulin frtltiqnntod

ib’ the grrdual sddition of 1light petreleun, The reau!{t

- |

of a typioal experiment are given,

Frastion I te? g, OMe = 44,21 |
| |
| Praction IT 2.5 g, one = (B 21
i Restdue 0.4 g,

A totel of 12 g, of trimethyl inulin wes prepared dy

this method,
|
The methylotion of & further quantity of Inulin, |

The method employed was essentislly the sanme “i
previoualy exoept thet the treatments with dimethyl
!'ulphuts end sodium hydroxide were cerried out in en

?atnoaphero of nitrogen, Pure inulin (20 g, B&L,~#0.0r)
|

|
dimethyl sulphete (120 mi,) esdded dropwise in 2% ml,

wes diseclved in sodium hydroxide {270 m1,: 3%¢) and

portions every 3" minutes, The mixzture was mainteined
in e constant state of agitation, The resstion flsslk
wss surrounded Dy a water bath st 35" |, After the

!
iaddition of 211 the dimethyl sulphate the reantion

;nlzturn wen stirred overnight,A further quantity of
‘sodium hydroxide (290 nl,j #%%57) was then added followed
iby dimethyl sulphate (120 m»1,) in 2% m), pertions es
iprovieunly, the addition extending over one dny, The |
}-olution was neutralised =ith sulphuric acid (35?),nn4
helf its volume of ethenol andded, The precipiteted

‘end the washings dried over anhydrous sodium autphthJ

sodium sulphete wane fil tered and washed with chlorofoqn
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' The agueous ethanol filirate wss taken down to drynesp
under diminished pressure and the restdusl selid extrpeted

vith ehloroform, The two chloroform extracts were

combined and diotilled to lesve e pale yellow solid (17 g,)

Thies wns dlssolved in bolling soetone 7500 -1.);
‘nodluu hydroxide (290 nl,; 204) andded Pfollowed by |

'three 25 o1,portions of dimethyl sulphate, The |

| temperature of the surrounding water bath wase nnlntai*od
&t 55=50° thpoughout, At the end of the first trontnent,

!oociuu hydroxide (150 nl,; 204) end two 25 ml, portiome

of dimethyl sulphste were edded dropwice, Pive hours

after the termination of the addition of the dimethyl |

‘lu!phate the scetone was diatilled, end the pellets o#

partielly methyleted inulin filtered and vashed with ‘
‘weter, They were egein dissolved in boiling scelone
{400 m1,) and trested as previously with sodium

| |
‘hydroxide (150 ml,; %04) end dimethyl sulphete (32 mnl,),

Pive hours nfter the terminstion of this ucthy!ation,!

ifurthor ainmilar quentities of these reagenis were add*é
|

‘unﬁ the produst recovered as before, After washing -iﬁh

hot water, the pellets were extrasted with ahlornforn,

the extpect dried over anhydrous z0dium sulphate 2nd

?
dinti1124 under redused nressure to leave = whide

soldd (17 g,) !
! This methyleted inulin was refluxed with nethyl!
ilqdidt £12% m1,) and 2ilver oxide 7100 g,) added in
!partien- over % deye, The produst was reaovered by

!e:trantion in shlorefora, the zolution sonsentrated,
eand the methyloted inulin frectionslly nresipiteted

by the addition of 1ight netroleun [A0=50),



Praction 1 11, petroleun 4,2 g. OMe = 44,09
Prestion II 21, petroleum Ted g OMe = 45,59

The Hydrolyesias of Trimethyl Inulin,

The method used wao that deseribed by Haworth,

Hiret and Perecivel (3), Trimethyl ipuldn (7.4% g,

O¥e = 44,99, methylated by the Pirst series of reaotions)

®¥es trested with metheanol (223 ml,), weter (75 ml,) and

'cmulun- oxnlie eeid (3,0g,) at 20° for 17 hours,

The neld wsas neutralised with celoium serbonate and

the filtered solution taken to dryness =t 40715 m, m,

The residue was extirscted with ohloroform in the

'presence of enhydrous scdium sulphete (50 ml,; 4 times)

and the extrascts tsken down under reduced pressure to
e broen syrup (7.9% g.)

This syrup was dissolved in methalolie hydrogen

okloride (173 ml,; 2.,25¢) and ellowed to stand st 20°

for 7% hours, The eeid wes neutralised with barium
carbonate and the unfiltered solution taken down to e
syrup whioh wee extracted with ehloroform, The filtered
extreocts vere combined and evsporsted, in the presense
of a2 1ittle barium sarbonste, t¢ a2 pale brown syrup
(8,06 g,) which was non-redusing.

The Prectionation of the Methylfrustosidea,

The methylfruetosides ebtained 28 described
above were frectionated by solvent extrastion im sl 1~
glase apperstus ns deseribed by Brown end Jones (4), |
The solvent used wee sontained in » flasgk above whioh
vere mounted two extractors end ¢ reflux condenser,
The methylfruotosides 7,06 g, ) were dissolved in
water (50 ml,) and this solution pleeed in the upper

of the two extractors; the lower extreotor contained
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water, A 1ittle 20lid Darium cerbonste was introduced
inte emoh extiracssor to prevent the developuent of any
lossl moidity,

In an attenpt to fsolate the tetramethyl
methylfructofurancside the extreotion wes firet performed
using 1ight petroleum (300 nl,; 38~40°) as solvent, and
continuing the extrantion fer varying loa;t&c of %ime
ns shown in the teble below, ; esmple of each of the
fractions so obtained was hydrolysed with equecus oxelie
seid (0,4 ml,5 2.2%7) at 80° for two hours, and the
neutrelised hydrolycates exsmined qualitestively on

the peper chromatogres {5),

Duration of 17
Praction Veight M Rg "alues
extirsction D
0,88
A 3 hours 603 mg, 1. 4558
1,90
B B " 364 ng, 1.4562 As for "2"
) 13 574 mg, 1. 4570 As for "A"

The squeous solution wae now removed from the
upper extrector end concentreated at 40°/1%am,, This
was extrected similerly with ehloroform (%00 ml,) and
the fractions hydrolysed eand exemined on the paper
chrometogram =28 before,

Puration of

Fraction Teight 7);7 Ry Yelues
extraction
0,875
n 2 hours B 4o%n Be 1.#583 1 .‘-3;
3 s 8 0,786 g 1.457% As for "D"

A total of 7.718 g, syrup was thus obteined by these

| solvent extreotions, Mo more suger was recovered en

extreoting for a further 9 hours with chlorefrom, The

agueous solution was evaporated to o smaller volume,
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made 2,791 with respect to oxelio neid snd hydrolysed

st 80° for 2 hours, ¥o sugars were debested on » paper
chromstogram of the neutralised hydrolysate, The totel

recovery in this frectionation wes 96,51,

The Preparation of Tetreamethyl methylfructofursncside,

The method used wes thet developed by Menzles (6),

o) Preparetion of Hethylfrustofureneside,

Ppy commereial fructose (7.0 g.) wes dissolved

'in hot dry methenol (300 wl,) end methanoliec hydrogen

shloride (50 »1,13%,97) edded, The mirture was nllowed to
16 &
stand until the rotetion became conastant ( BXJD+6.0 )

after 40 minutes, This is the maximum velue noted by

‘Menzies, The solution was neutrelised by the eareful

eddition of sodium methoxide, end then evaporated te

# very viscous eyrup, This syrup wes extracted with

‘het dry ethyl mecetete {5 times; 70 21,), On evaporation

6 P
a solourlese eyrup remained (2,7 g. B@L'+54.0

e = $,% 4in water)

b) Methylation of the Methylfrucstofursnoside,

The syrup obteined as sbove wes dissolved in

methyl iodide 720 m1,) conteining methanol {5 ml,) end

¥ns methylated by the addition of eilver oxide /20 g,)
edded over 2 hours, The mixture wee refluxed overnight

end the preduct recovered by extractioen with hot

' methanol, Three further methylatione were given using

pure methyl iodide (5 ml,) ne solvent and 70 g,
portions of silver oxide, The produst was finelly
recovered by chloroform extrasction of the silver oxide,
when = colourless mobile syrup wes obtained (35.06 g, ),
This syrup was distilled at 0,95 mm, when two

frections were obteined,
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Prastion I Bx-84 (bath temperature) 2.17 g.’U;gt.4#57
Prestion 1T 90° ® " .91 g, n;’ 1444
A smell eemple of eash fraction wae hydrolysed at
70° far twe hours with hydrochlorie seid @fﬁ), neutralised
with pilver earbonete nnd the hydrolysnte exemined on
the paper shrometogrem, using smmoneical silver nitreste
for the detection of the sugsrs on the paper, It wns
found that 11214 16~tetramethyl fructofursnose had
!exaetly the same Rg velue as 21314 16~tetramethyl
glucopyrencee, The tetramethyl fruetsfurancse is enly
slightly redusing te smmonsinal silver nitrste, Soth
Preactions I end II espenr to be pure tetremethyl sugar,

The Methylation of Bueroae,

The method 19 besed on thet used by Haworth ’7),
Suerose (2% g.,) wes dissolved in the mininum of water
end sodium hydroxide solution (3850 ml,3 %99) edded,
The mixture was vigourously stirred snd dimethyl
sulphete (100 m1,) ndded dropwise during seven hours,
The temperature of the surrounding water bath was
mainteined at 45° throughout, After stirring overnight
e second treatment was given using the same quantities
hf resgents, The partially methylated sucrose was
obtained by the extraction of the slkeline aolution
after the seaond methyletion with 2hleoroform, The
extrnots were comdined snd dried over snhydrous sodium
sulphate, On distillation of the solvent at 49715 unm,
e very vimous ayrup remsined (9,0 g, W;g!.h7?2).

This syrup weas taken into methyl ifodide 740 m1,)
and methylated by the sddition of silver oxide (30 g,)
ever five desys., The product was resovered by extirasstion

with ehloroform, which on distillation geve a syrup
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(a,8 3.77;61.k61?). This wea tremted os before with
Purdie's resgents, 2nd an mber noloured syrup (5.26 g,
17;?1.$590) ohtained from chloroform, The syrup wes
subjented to distilistion in 'a high wveouum (0,05 mm, )

vhen the Mlowing fractions were obtained,

o 18
Praction I 200° (bath tempersture) 0,47 g N, 1,4562
Prastion II 200-208° *® L 6,09 ;.17;”1.ksea
Residue 0.7 8. My 124610

The Hydrolysis of Ostamethyl Suoroase,

A semple of frection II wae trented with mqueous
hydroohlorie seid f%%) et 60° for B hours (f), The
neutrelised hydrolysate was exenmined on the paper chromatogrem
vhen only one spet due to the presense of reducing
sugers wes observed, Thies spot hed exactly the seme
Rg velue ma 2t%shsé~tetremethyl gheose, thus ne
seperetion of these two fully methylated sugars is
peseible by this method,

The Use of Uree Oxalate end Ariline Oxalate to

Pistinguish beiveen Wethylated Nerivatives of Glucose

end Pructose on the Neveloped Paper Chromatogram,

a) Preparantion and Use of Ures Oxslete,

U rem ‘eryste le) were added to a sesturated
solution of oxelie seid in ethenol et 42° until the
epproximete neutrel peoint wes reached, The white
insoludble selt wee filtered end washed with a little
ethanol then dried in » vecuum desiccetor over phosphorue
ycnto:lde. Then o peper shromatogrem conteining samples
of cotemethyl suecrose hydrolysate, synthesised
tetranmethyl frustofursnose and pure tetremethyl glucose
Elac sprayed with ¢ saturated squeous 20lution of urea

oxnlate snd hested at 103° for *0 minutes, the positions



of the octemethyl sucrose hydrolysete and tetremethyl
fructofuranose vere revenled as grey-green spots agesinst
e white baskground of the paper, The tetremethyl glucose
control gave no colour remotion with thie reagent,

b)Preparation and Use of Aniline Oxelate,

The preperrstion of aniline oxalate is exmotly
‘anelogous %o that of ures oxnlate, When a duplicate _
paper chromstogram to the sbove wag aspreyed with 2 sestureted
equeous solution of this reagent, and heated at 108°
for 30 minutes, the spots of cotemethyl suorose
hydrolysate end tetramethyl glucose geave e red solour
reaction but no ecclour resction wes obisined with
the tetremethyl fruostofurenose,

The Re~exsminstion of the Practionz of Methylfruetosides

Obtained from Hydrolysed Trimethyl Inulin,

| Samples of esoch of the five fractione were
‘hydrolysed no before anéd sepersnted onm duplicate peper
‘ehrematogrems, ueing both tetramethyl frustofuranose

and tetramethyl glucose se otendards for the celouladion
of the R,y values, That pmper containing the tetramethyl
fructose sontrol wes sprayed with ures oxslete and the

‘othexn with eniline oxalate, The following results were

obtained,
Freotion Genstitu ent Sugars: R, velues,
A Tetremethyl fructose) 1. 00
Trimethyl frustose 0,88
Trimethyl glucose e, 88
2 As for ™A"
o he for "A"
D Tetremethyl fructose 1.00 (trece)
Trimethyl fructose 0,88
Tetramethyl glucose 1.00
Trimethyl gluscee 0,88
E As for "D"

end Dimethyl fructose 0,625 (trace)
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Fractions A, B lnd.ﬂ appenring identical they
vere combined to give Fraction I, ns were Frectione

D and E, to give "reastion II,

' The Seperstion of the Oonstituents of Prections I snd II

on » Column of Powdered Cellulose,

The experimentsl precedure 1» briefly desoribed

by Hough, Jones end Wadmean (10), The eoluun consiste of

2 glags tube %7 am, X %*.3 em, the bottom of whioh ie

drewn out into e dropping tube, A poraelsin filter

dise 19 lodged where the maih tube narrows and on thip

' 418 plesed a thin layer of cotton wool, Upon this is

packed powdered cellulese, about en inoh at o time,

80 that the even pecking which is essentinl for the
efficient working of the sclummn, i3 obtsined, In thie
way sbout A0 aem, of the gleass tube is packed with the
cellulose povder, Finelly a thin layer of cotton wool
ie pleced on the tep of thu'eolunu, |

Soluble impurities are removed from the celluloﬁe

by washing the ecolumn with n-butenol satursted with
vater, the solvent being conteined in o constant heead
apperetus lodged in the top of the eolumn, After

thoroughly weshing with this solvent, the washing is

. sontinued with the solvent to be used in the separstimn,

' In the present work s mixture of 1ight petroleun

(100=~420% ) 704 n-butsnel 304, saturated with water,
was the solvent used to develop the selumn, The
petroleun was purified before uee by sheking overnight
with concentreted sulphurie nmeid, followed by washing
“ith elknlil and finelly dietilling,

The column wes clamped verticelly over o Iar;n'

eluminium plete eround the sireumference of which wenre
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holes to teke snsll test-tubes (354"), The eluste was
collected in n test-tube for s pre~deterained length |
of time, then the plate was rutomeatieally moved end u}o
inert receiver in the row ceme under the dropping tube

| .
of the column, This was in poeition for the smme length

iof time ns the previous one defore 1%, in 1t's turn,
wasm moved on,

The intervel timer consiste of e synehronous
electriec alcok metor, 2¢ geared that the ultimate
spindle apeed i2 one revelution per four minutes, On
this spindle tve cams nre mounted, one of whieh can

imake sontenot with the leaf switeh every four minutes
itnd the other, every two minutes, The leef switeh is
ineunted in sunh a vay that 1% can be mede to opernte
on efther sam,

|
¥ 48 n reley of 600 ohme resisiesnce operating |

in lesf switeh L, x, ias & reley of 200 ohms resistence
iaperlting 2 leaf avitoh L,, ¥ is an eleotromagnet

' whish operantes the selector switeh by pawl and ratashet
‘meschanism, A spring eriteh 8 s incorporsted in the

:cleotromngnét. The funstion of the ocondensers 0,, C,

and O,in econjuction with suitable resistances, is

to ebviste sperking,

The elosing of the leaf awiteh on the intervel
timer resultes in the completion of the eirouits
through L end L‘ respentively, The nlosing of the
sireuit et L carries the current to the electromagnet
thus opersting the selector switeh moving the wipere
:fron one set of kniven to the next,

The nlosing of the cireuit at L, earries the

surrent through the wipers te the ste of knives of
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‘the selentor ewiteh, thense %o the tadle meshaniom
whieh aonsiots on en electromngnet opereting by meons
of » prnwyl end retehet wecheniom, Thiz rachet is ﬂ.ttﬂi
with = spindle carrying the 27" diameter aluminium
plete, whioch is bored with four concentric sets of |
!!Oh heles, Eeech time on impulse 1o epplied to the |
:eleetronnguet the ratshet wheel moves through one |
?aog, thue shenging the position of the plate by one hole,

Inpulees are applied to thie elestromsgnet ot

Eany selected times 28 shown by the vsrious teppings

‘on the diagroem, :
9ince continuily of operation depends upon en E
;cvcn nunber of sete of knives it is easential thet thJ
wipers must move from the 24th set to the 1st sutomatically,
This is done by teaking a positive lead 1o the 25th set
of knives snd continuing the odroult through the wipers
‘to the epring switeh 3, thenee through the coil of the
ieloetro:ngnot. The movenent of the armature of the
lo!eatranngnet eutomaticnally breaks the cireuit at 8
?thu. moving the wipers,
| Praction I wae hydrolyeed with pqueous oxalie
meid 7120 mil,; 4.0¢) at %0° for * hours, The aecid -ané
neutrelised with ecslcium sarbonate and the mixture
heated st 70° for *2 ninutes to decompose any calelum
biaerbonste whioh may heve heen formed, The Piltered
‘eolution vas eveporated to e syrup and dried with
;othnnol and benzene [1.192 g,)
This syrup was dlssolved in the minimum of
sol7ent petroleum ether 100-120° 704; m-butenol, 3ﬂ{ﬁ

setureted with water.,) and the solution introduced '

en %o the top of the column with = pipette, ellowing



':I- F? |

gcaeh érop to soek in before eadding the next, After repleocing
‘the cotton wool, the column weaa developed using 200 ni.

ior solventzrhinh wes ccllested in ¢ resciver nt the

bottem, The column wag then oleauped over the sluminium

plate and 400 ml, eolvent mllowed to rum through, samples

being oollected st 6 minute intervals,
: i

Then the plnte had noved through s alrsumference,

| |
‘the sontents of eroh tenth tube were soncentrated on |

n wateh gless pleced on » boliling water bath, end th.i

|
!uonoantrlto enelysed on the peper chromatogrem, The
itctruucthyl frustofursnose was fourd in tubes *0-55,
end €% onwards conteained trimethyl fructofursnocee,

| |
There being now no suger other then trimethyl frustose

%protqnt on the eolumn, the latter wee washed with water
4o ebtein the remeinder of the trimethyl fraction, |

The tetramethyl Prusicfuranvse w»ss obteined =g ‘
a Brown syrup {Freetion Ie; 196,% mg,) omn evaporntlan:
iaf the solutione present in tudes 3055, The tr!nothyﬂ
fruetefurerose soclutions were 2lso concentreted (&o?zﬁ mm, )
and the concenirmte edded to that obteined in the next

eeperstion,

Praction II wes hydrolysed with mquecus oxalie |

asid (200 ml,3 4.,0¢) at %0° for * hours, snd the ayruﬂ
of free sugare obtained se before 75,75% g, ), This
syrup wae separated on thes cellulose 20lumn, the
procedure being exactly e desaribed previcusly,

The tetramethyl hezomze portion of this syrup was
obtained on sveporation, under reduced pressure, of the
sontents of tubes 1759, A brown syrup remained (Preotion ITe;
161.2 mg. ) which did mot aryestellise on stending, The

trimethyl fruetose extended from tube 56 onwards, the
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eolumn being Pinelly wnshed out with water as before,
Evaporstion of the sclvent 2nd combinstion of the |
trimethyl Prastions Prom the twe seprretion emperimends
gave & brown syrup [Preetion ITI; 5,759 g,),

The reecovery from these two experiments is 919,

The Exeminetion of these three Frastions, ,

e) Trastion Is

By exeninntion of thie syrup on the peaper chromatogrem
it wes shown to consist of a chrometogrephically pure
sanple of tetramethyl fruestefuraneose,.

[GJ: = 4+80,9 (g = 1,2% in water), O¥e = 40,81,

Oxidetion Dy Alkeline Hypoiodite,

In (62.% mg,) woas diseolved in water {%ml,) to
;givc an opelescent solution, The greecsy impurity was
removed by the eddition of a 1ittle "Filter %el] when
on filtretion a clear solution resultied,
Approximetely 500 mg, of thie soTution were .
weighed into beiling tubes fitted with B 24 joints,
pH 11,4 buffer 5.0m1, Jvas added followed by iodine
golution 70,965 £5; 2,%n1,), The stoppers were sealed
in with » drop of 129 pguecus potessium i1odide solution
and the tubes asllowed to steand et room temperature
Por 4 hours, Sulphurie seild 2.,% ml,3 4 n) was andded
and the iodine titrated with sodium thiosulphate 2.0196 n)
Tubes sontaining water %590 mng,) were trested in on
identical manner,
The following volumes of thiosulphate were required
for the iodine presmnt,
Tater blank 1 1?.#0; mnl, Sugar solution 13.19“ wl,
¥ater blank 2 12,300 ml, Suger solution 7 12,3%%3 ml,

Thus, =ith resnect to sugars, Frestion Is is a
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pure itmplq of tetremethyl frustofursnose,
¥ith an methoxyl sontent of 40,57 the true weight

' of suger is:
40,4 3

198, 6 X 52,5

= 147.4 ng,

The Preparation of tetramethyl fruectofuronamide,

This tromeforzetion wes earried out Dy the
‘method of Avery, Haworth and Hirst {t1), The agueous

|soluticsn of tetrsmethyl Pruetefuranos: used Por the

hypoiodite sxidetion was evapersted to 2 syrup at

507/1% wme, end dried with ethansl snd benzene, Thig

wog combined with the hBul% of Tregtiorn In srd the

|
|
toetel (172 mg,) wee oxidiced with concentrated ritrin

|
aeié 2.8 ml, s d=1.47) on 2 water beth, the tewperature

of vhieh weme slovly reised, The reeetion nomnerced st

f beth tempersture of €0°, end the heeting wes oontln+dd
‘upte the boiling point where it wea meintesined feor
24 houre, The ccoled eolution wee diluted with water,
end distilled st %0715 wm,to rewove the reid, Thie
‘preeess wee repester im 211 10 timee before subetltuting
nethenel for the water, snd €irslly sphyérous =methanel
vee usged, |
The resulting syrup wes dinsolved in methenol

conteining 47 hydrochlerie enecid, erd gertly refluxed
overvtight: neutrelised with ailver certonote and the
filtered selution eveporated to 2 eyrup wvhieh wes
methyleted by treetzernt with Purdie’'s reapents

(methy?! fodide 10 ml,: eilver oxide % g,) fer ? hours,
Th§ materisl was reecovered by chlepeform extraction

and rfter eveporstion of the solvent the syrup wes treated
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' with methawol saturated vith ammonis /10 nl,) and the

solution nlloved to stamd st O  for 7% deys, Removnl |

of the methenol left e erystulline solid {142 nmg,) |

EfLer two rearyotallisntions fom light petrolau+
(59_¢g°} Be Do R0 s®, |

Hixed melting point wiih sn suthentie spoeimen
|of tetreuethiyl fructofuremsmide: 77°
i Pound: U, 48.9; H, 7,61

Cela, for 0,004,060, O, 45,7 R, 7,164 ,

i b) Frection Ils |

Thig rewained as o syrup, end on examination ;

on the psper chromaitogrsa wes shown to be rp aizture

i
of tetramethyl gluosee and tetramecthyl fruatofuranute{
15 ,
[od = +82,07Ce=1,11 1n water) OMe = 40,01,

Ozxidation by *1heline Hypoiodite,

The experimeniesl procedure w2z ez214ly a2 deasribal
for Trastion Ia, 3
Tolumes of thiocsulphate 72,2194 n) reguired for the
4odine presenty !
Jeter dlank 1) 12,402 ml, Sagar solution 1) 11,958 ml,
i " 2) 12,390 m), " " 2) 11.*60 nl,
The volume of iodine oﬁnaumoﬁ by the sugser is i
lequivalent to (12,32 = 11,%6) =1, |
= 0,%% 21, 02,2198 n thiosulphate, f
Tow 2000 ml, n thiosulphete = 226 g, %tetramethyl suger

and 0,%% nl, 72,9126 n thile, = 0.716" al, n thie,

i s D,046% nl, = izgﬁ X 0,7216% g, sugar
| 5
: 2 1,92 ag,

3 u1,s01lution ssntain 0,0%80 g. °f Prastion 1la

end ©,52%26 g, of this solution was used for this snelyais,

89,8236 g, sentain 0.0488 x 9,8236 g, |

5
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44

= 5,84 mg, materiel

49
Thi ° i R, 24 —_—
8 conteins X —arw UE. sugers
= 4,45 ag,

}Jhcncc the perecentage of tetremethyl glucose ist

1. 22
5 X100

= 4%,14

' The totel weight of FrectionIla 43 161.2 mg,
Thie sontaine 161.2X'g;?§' mg. sugars
| = 12% mg, tetramethyl sugars
43,19 of the this 1e tetremethyl glusose, vhense the
' eomposition of the Frantien is:

Tetremethyl glueocae 5%,0 mg,

Tetramethyl fructofuranose 79.C mg,
f?horefcro the total weight of tetramethyl fructofwsnose
isolated from this seample of Trimethyl inulin 4s:

(147 4 70) mg,

= 217 mg.

;Tho Inolntion qf Pure Tetramethyl Blunoce,

The ayrup of PFPrastion Tla wre extracted with
 suscessive smell guentities of 1ight petroleum ! 28-40)
'and on removal of the solvent on a wateh-glass fine
white needle shaped orystala cere obteined, contamineted
‘with a smell guantity of colourless syrup whieh did
‘mot erystallise, Thorough tiling removed the thin ‘

!-rrup and the crystals then had m,p, 207, .

' Attempted Preparation of the Anilide,

Crystalline tetramethyl gluscse /5.0 mg,) and
freshly dietilled aniline (1,8 mg,) were dissolved
'in absolute ethanoel (1.5 m1,) snd the solution gently

:rcfluxed for 2 heurs, The solvent wne removed in =
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vaeuum desicoator when a oxymtalline produst was ohtcipcd.

' In an attenpt %0 remove & syrupy impurity the erystals

were carefully titurated with a very small quentity

of dry ether, but the anilide went inte solution, On i
!

evaporation of the solvent the process wes repested

ueing light petroleum 50~40")  but sgein it wee found

impepssible 4o purify the erystals,

e) Beotion III, |

Using ures oxeslate and eniline oxslate to spray

|enp1£cuta peper chromatograms, this fracticm was found
|

_to coninin a trimethyl fruetose send » trimethyl glucose,
k " -] |
[«], + 26,5 fe=1,4% in water) Oie = 30,04 |

Oxidetion by Alkeline Hypoledite, !

The method i9 as described previcusly, '
Two experiments geve results of 3.67 and 3.29

fer the sldose contents of tais Praction,

'This sonteins B.7%¢ X

: The totalweight of this fraction was 3.739 g.
g« sugars |

36
he,9

| o= 5. 225 ‘.

os Yelght of trimethyl glucose:r

5.225 5 3.4
Qﬂ x ?

|
|
|
= 1777 mg, |
|
Total recovery of sugors form the cellulose ooluuns |

|

Tetrsmethyl fructofurancse D. 297 g.
% Tetramcthxl glucoas 0.08% g,
! Trivethyl fructose 5,048 g,
| Trimethyl glucocse G177 80

|
i
Total 5,495 g. |
|
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|The persentege ocouposition of the first ssuple of

hydrolysed trimethyl inulin is s followe:

| Tetremethyl fructoturancae 5. 997
Tetramethyl glucose . 07¢
Trimethyl glucose Ye 221
Irimethyl fructose 91, 864

The Examinetion of the Senond Sanple of Trimethyl Inulinm,

Thia sample , whioh hed been prepared in an ine%t
atmoaphere, was enalysed in exacily Lhe asme way ew [
|

the first seuple,

The Prevaraticn of the Methylfructosides,

Trimethyl inulin (7.0 g, ) {Oile = 48,5%) wae
treated with methanel (210 wl,), water (70 ml,) oud

erystalline oxelic waid ‘8.7 g.) on o water bath 2%

|80° for 17 houre. The solution wans neutrelised with
| o
lealcium carbonete and evaporated to & syrup at 40/i0mm,

!Tha ayrup wza exirasted with werm ochioroforas, the

1oxtraat dried over sabydrous sodium sulphate, sud

iovaporated to leave e syrup which wes taken up in
nucthnnal oonteining 9.251 hydrogen shloride end allowed
to stand at 22° for 70 hours, The acid wng peutrallsed
{tith barius cerbonete and dhe unflltered sclution

]ovsparated. The residue was extrescted with chlorofom,
|'h!ah on distilistion 720712 am, ) gave & syrup . 7e37 go)
whieh »aps dried Iln & vacuum over phogphorus pentozide,

Preotionation by 30lvent Exitraction,

The whole of the methylfructoside syrup was
dlssolived in vater 5% nl,) and thie zelution was
eontinuounsly extracted in an 2all-glsas apparsetus, with
light petroleum “49°) for % periods of 7 hours, Thus

three fractions %, X and T were cbitained, Samples of
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icauh of these rere nydrolysed s befofe with sgueocus
oxalio eeld (0.4 ml.s 2.25%) at 32° Por 2 heurs. The
reutralised bydrolysostes were ezenined on duplicate

peper shromatograas, using urea oxalete and saniline oxelate
to show the positions of the sugers after development,
In this wvey the three freeticne were shown to sontain
the fellowing sugsres

Fraotion ¥ Tetre- and trimedthyl Pructose and trimethyl gzluocose
Freotion X tg for "W"
?rTetion be te for "¥" plus s trace of tetramethyl gluease,

The originel agueous solation wae now exhauaitively

extracted with chloroform Lo give Prasction 2,735,220 g,)

Thie was found,by the peper chromatogrea methed,
‘%o eontain tetra- aud trimethyl gluoose and iLrimeihyl

frustose,
[
| Frections W, X and ¥ vere sonbined ¢ give
i .

(Fraction 1 {1.76 g.)

The Nydrelyeis to the Free lugers,

| Prection 1 was hydrolysed by treatmeni with
L

rguecus oxeldc moid M20 mi,s 4,04) at BC° for 3 heurs,

lTho aeid woe neutralised with seleium sarbosate and
Itha mixture hested to dezoupose mny ssleciux bicerbonate,
The filtered solution wse evanorsied to a syrup st
|“°?15 mm,, which wea dried with eithendl and benzens,
It weg purified fres fros some remeinipg selid umierigl
!by ehloreform extr20tion, Rewovel of the solventi gave
|t eyrup (145 go) Fraction 1e,

Fregtion 2 wes hydrolysed sinilarly using %°0ai,
of the oxelie smeid solution, After treaizent na above

’

'8 syrap [5.2° g,) wes obteined, Fracstiom Za,
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|
| The Beparation of the Mixture of Sugers on o Oclumn

:of Powdered Celluloese, i

The dimensions of the column end the solvent

sere as used for the first sasple of trimethyl imulin, 'r...

That fraction containing the tetramethyl Prustose
(1e) was separated first, and this suger was isolated
|ehrouatographnicaily pure {199 mg, ) Prection 1b, The
?trimcthyl sugera were woshed out of the 2olumn with

vater and this solution added 4o the solution of the

i
itriuothyl frastion obieined in the second separation, below,
|

The tebtramethyl glucose Praotion was obitsined
éaa a brown ayrup (198.4 mg, ){Praction 2b) from the |
!aopnration of Fraction 2 on the cellulese column, On |

evaporation of the solution of the trimethyl sugars,
'8 syrup (5.585 g,) wae obteined, Praction 3,
Examination of the tetramethyl glucose rrnntionl
' on the paper chromatogram showed it to be conteninated
with trimethyl fructose., In consequence of thia, this
syrup was teaken up in the mininmum of solvent end
re-geparated on the coluamn, A perfect ceparstion ves i
' schieved, the tetramethyl gluccse oryestallieing
IOOﬂpletllr on lesving in & vsouum desiccator over
|pho-phoru- pentoxide oevernight, (13%.4 ug, ){Prection 2e),
The trimethyl sugar from this separstion wee conbined
with thet alresdy isoleted, and whieh had been found to
be chrematographically pure, %o give a total welght I

|
for Praction 5 of 5,783 g. ‘
The percentage resovery frou this fractionation|
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The Exemination of these three Fractions,

a) Prastion 1b,

Examination on the paper chromastogrem showved
thie syrup to be 2 mizture of tetramethyl glucose and
tetramethyl fructofuranose, i

[ﬂq:+-¢;.1° fe=1,04 in water) Ole = 41,84 |

The Estimstion of the Tetramethyl glusose Jontent

by Hypoiodite Cxidetion,

The method 4¢ as used for the enalysis of the

Freetions obtsined from the firetl sample of trimethyl

inulin ( Page 43%) '

The total weight of thie Freaotion 83 129 mng.
This sontains 199)&'%%%%- mg., tetramethyl cugn*.
= 158 mg, :
Of thie 139 1 tetramethyl glunese, i
= 20,6 mg, tetramethyl gluoe+o.
And by differense 137.4 wg, tetrasethyl fruat*no.
|

b) Praetion e,

|
Exemination on the paper chromategram showed

this frastion to be tLetramethyl glueovse sontaminated

[OLJ.D t.»(o '\ o= Le9T in 'uter) OMe = &'1051. |

with & trecs auf tetremethyl fPrustefurancse,

The Analysis for Aldose Content,

Hypolodite oxidetion showed Frasition Ze to oont+in
80,71 aldose, |

|
The Yotel weight of thin Froction was 155, 4 Bg. |

This sontaine 135.4 X ‘ﬁ g

= 197 mg.

tetremethyl suger,

The composition of Fraction Zc¢ by weight is tho}oforl

55.6 mg, tetramethyl glucose
And by difference 1.4 mg, tetramethyl fructese,
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frilide Porzetion,

The vhele of Preetieon %¢ ves purified by solution

in weter, eddition of e 1ittle "Pilter %¢l”, followed

by £iltretion eré removel of the solvent, After dryis*
| with ethancl end bensene a orystelline compound 97 mg.)
iva' obiteined, To thie wes ndded redistilled aniline
(5% ng, ) end the whele diesnives ir adaolute ethanol
(10 wl,) end refluxed fer % heurs, The sclvent wee
reroved in 2 veovum desiccetor vher a eryotelline
veterisl wes obteineds m,p. 127-127°, After three
reerystelliosiions from light petreleur it bad u,p, 1%#—1550
vielg: 2% ng, A wixed melding polnt with an svihentic

specimen of Letramethyl glucose apilide wee unchanged,

| Pound: 0, 51.71 B, T«93 W, 2,61; ONe, 352,29

!Oalo. far 0,,Ua605"s 0, 61,95 H, 2. %3 ¥, 4,3; OMe, 39484,

6) Prection 3,

Pxemiaation on the paper chromniogrer showed

Praction % t0 00 ntain e trimethyl fruactoas and e |

trinmethy! glunose of identical Rg ralue,

"y
[+ 270177020, 94 tn water) oMe = 36.0%,

Estimption o2 the 2ldose Tontent,

E Praotion 3 [143. 2 ng,) waz dlzeolved in waler
iand purified as hefore using "Milter %el", 37% ng,
pordlons of thio solution were woighed oul =nd thelr
eldose 2ontentn esdinmaded By hypolodite azidation, '
S8odium thiosulphate tg 02,7724 W,

A water Dlank requirad 73,72 nl, of this solutlon,

Sclution taken Thissulphate fldose ;
| in gae, reguired, equivalent, :
| 0,4996 g, 24,21 ni, 4,84,

08392 2, 4,37 mul, %.29%.
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!Thoo' experiments were repested on the same soludion,

using three tizes the volume of buffer solution =3
‘1edinc eolution; inetend of equel volumes =23 hed boon:
‘used previously, '

|
A water Plank required 24,79 ml, thiosulphate (90,0006 N)

3olution telken Thicsulphate Aldose !

in gus, required equivalent, !

O,8206 g, 24,29 al, %, 64 |
05214 g, 24,19 w1, b1

Aversaging these four results we obtsin = value

of 2497 for the conecentration of the trimethyl glucalﬁ

ﬁn this Fraction %,

Total weight of Fraction 3 as isolated 5.787 g,
This oconteins §.Tﬂ§><-;%f%- g. trimethyl sugar,
= 4,970 g,

But 2,09 of this is trimethyl gluasose !

= 194 mg., trimethyl glwsose

And by difference 4,776 g. trimethyl fruotose,

Percentege Composition of the Second Zamnle of

|
| |
hydrolysed Trimethyl Inulinm, l
[

Total Sugars Iaolsted:- '

i Tetrsmethyl fructofurancse 041888 g,
i Tetrenethyl gluowse 0, 1062 g, |

: Trimethyl glucoase 0, 1940 g,

Trimethyl frustofuranose 4.776° g.

Total 3.23%%0 g,
Vhenee: Tetramethyl fructefursnose 8. 04
Tetramethyl glucose 2.0
Trimethyl glusoae %. 74
Trimethyl frustofuranose 21, 3¢
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The Identificntion of the Trimethyl fluscose,

Preperetion of the Aldonie Aeid, ;
|

i The twe "Trimethyl" Pfrastions obtained from tho‘
two semplees of trimethyl inulin vere dissolved in watfr
(2880 u1,) end bromine {2 ml,) added %o ench aolutlo#.

They were allowed to stand |, with occesionel sheking, |

for & days et roow temperature, The bromine wame rempv*d
Eby seretion and the acid neutreliged by the sddition
of silver cearbonste, After filtration, eny silver
Irenaining in solution wes removed epe the sulphide, ?h*
'tro solutiens were ocombined end eveporated at 40719 u*.
fto a thin syrup whish wes exemined on the peaper

chromstogram, Trimethyl glucose was still preseni as

"ao shown by & reé ocolouretior when the paper wae

:lprsyed with & saturated eelution of aniline oxeleste,
The eyrup was further oxidised by treating the

'solution, in 50 ml, weter, with browine (3 =21,) for

*{ deays 2t room tempersture, The bromine snd

‘hydrebromic acid were removed es before, end the syruq

obtsined on concentretion of the solution exesmined on
| |
‘the peper chrometogram, vhen trimethyl glucose wes '

'aga!n found to be presesnt,
The squeous eclution of this syrup wae further

trested with bromine (% ml,) in the presence of lead

‘sarbonate for 4 doys et reom tempersture, The bromine
‘wes removed me shove snd ercess meid reutreliced with

‘silver carbonate, Any silver or lead remeining im solution

(were removed ms the sulphides, Concentrstion of the

lfilterod solution gsve e thin syrup which wes found to

‘be aeid, The syrup wee éiseolved in o little waler |
|

‘and the meid neutrslised with silver carbonate, excess




eilver belng removed as before, Ooucentretion of this
:tolution gave a2 thin ayrup whioh wes examined onm the

|paper chromatogran,
|
i

Fo trimethyl glucose was devonstreted on spraying
'the developed poper with eniline oxealete solution, |

I
(Trimethyl Pructosc was still prezent e wes shown witﬁ
!uroa oxaiate, A peper was nliso rum in an scidie aolvo#t
(ecetic acid, 107, m-butenol, 40Y, water, %507) end th+
peper, afiler drying, spreyed with en ethsnolie solution

of bromo~phenol blue {(0,054), Two distinet yellew
i

spols were observed ageinst the blue brokground of the

ipaper. These were centered 4.5 on, 2und 5.7 sm, sbove

!thc-lolvent boundery.,

! The acids were separsted from the trimethyl
fructose on e cellulose solumn; 11 ef solvent, the
ioune es used previously, being used to develop the
!eoluna. The upper 19 om, of pecking were removed from
itho eolurn and thoroughly extrscted with hot water, i
Eon eveporstion of the weter st 40715 mm, = brown solid
remeined whigh wes dried with ethenol aend benszene, 1u:

which it wes only portielly secluble,

Prepasration of the lMethyl Ester,

This #01id meterinl wes treated with methsrnolis
hydrogen chloride {15 ml.; 2.07) under reflux for
% hours, the 22id neutrelised with silver carbonebe
‘end the silver in solution removed ms the sulphide,
On dietillation of the methanol » brewn syrup remsined
%uhieh wap extrected with hot chloroform end the trimethyl
%gluoania reid methyl ester, whioch remeined on linti!!itinu
of the shloroferm, was subjected to distillation in e
éhigh vacuum, The distillete wae divided inte two fraeﬂionn.
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|
!r{etion I 90=120° (bath tempre,) 40 wug, eyrup ONe 92,04
?rqation 11 120%0pen flame 17¢ ng, g0lid and sy;ny.

' The solid portion of Fractiorn II was found to be
!-ulphur whish waa removed Dy extrantion of the suger
Eon-panont with het wster, addition of e litile "Pilten OF1"
and evsporation of the filtrate,

| Frastion Ile = syrup OdMe 49,04 50 mg,

Preparation of the fmide,

Preotion I wee dissolved in methenelic smmenis
{3 m1,) snd elloved to stend at ©° for &4 deye, At the
end of this time 8 orystellinme growth hed eppesred
2t the bottom of the tube, Thie woe filtered off and

wephed with # 1itile ecld nethanol, m,p, 273" decomp,

6 "
[<]'= =90° (621423 {n veter)
bound: ¢, 40,7, 8, G.7, oMe 34,09,
|
Pnla for Og, 048, ¢+ 0, 40,9, H, 6,8, OMe 33,029

hhorc waa insufficient neterial for en estimation of W,
i

| On eveperstion of the filtrate from the above
L ayrup remcined which was econbined with FPraction Ila
}nd the solution inp nethanel satureted with ammonie

F“ mi,) aliowed to atand at O0° for 4 days. On removal

|
of the solvent in & vacuum desissator & suall guantity

|
Pf erystelline material and » large® amount of syrup

|
remained, The syrup ®es edracked with »arm petroleun

ether (40-50°) sonteining = little sbeolute ethanol,

Lcnovai of the solvent gave 2 light brown ayrup (49.9 mg,)
rection IIb, The erystalline meteriel wme proved
y mived melting point and rotetion to be identiodl
with the ebove, : ‘

Pxaminetion of the Amide, Presction IIb,

O¥e = 45,7¢, ocale, for s trimethyl gluconemide 36.7%.

.
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Oxddetion with Periodie Aeid [ 18),

A portion of the amide (7.4 mg.) was dissolved
inlwrter "2 =1,) end sodium bicsnrbemate 72 al, eof ¥)
rdded, followued by periodic neid (2pl, of 0.3 M), The
soluticn wes mized snd slloved 30 stend &t room temper
for 1 bhour, when hydreshlorie aaidl(y nl,of ¥) and
eodiur ercenite {2 mi,of ¥) were added vith mixing,
Fhen the precipitinte ond yelleow colour had completly
diseppesred scdiun ssetnte (2 ml,of ¥) sand dimedon
resgent [t ml, of e solution conteining 2% mg/ml, of
959 ethanolic solution) were added with mixzing, £
eontrol experiment using gluoonemide (7D mg,) wes
trected inlexently the ssme way,

A precipitate of the formeldehyde~dimedone
couplex spyveered imredistly in the eomntrel experiment
but both were allowed to stand overnight (o semplete
the presipitation, The oontrol geve 8.4 mg, of ecomplex
whioh is equivalent to (7.4 X 0,1027) mg, Toraeldehyde
representing o yleld of 704 of the theoretical, Fo
precipitation wes observed in the experiment on

FPraction I1Ib,

feerusn Test 716).

The trimethyl gluconsmide under investigation (1

end gluconanide /112 mg,) ac & sontrol, were ensh

diesolived in water 9,2 m1l,) and sodium hyposhlerite

ature

2.0 'd

solution (0.4 »l1,) ndded te esch of the above aolutinéa.
|

After standing ot ©° for % hours € drops of » -eturutﬂd

solution of sodium thiosulphate vere added and the
golutions were then satursted with sodium amcetate,
filtered, snd the flaske snd filter wached out with

a ssturated solution of seniecarbezide hydroehloride
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(2,0 21,). A white procipitete sppenred immedimtefy l*
the sontrel, end both pixlures were e#llowed Lo stend
overnight =t 9% %o soaplete presipitetion, bat
Praogtion IIb gnve & negative reacdtion,

Eatinstion of the Uptnke of Pericdats,

Praction IIb (17,0 wg,) wan‘disaulved in water
(1.7 ul,) and godium pericdate (2 nl,; approx.'%)
edded with alxing, end the remction allowed %o proceed
et room tewperature for 35 hourse, A sontirol experiuent
usiog suthentie 2, s10~trimethyl gluconsside ! 15,2 ng,)
end a weter Dlank were aimllarly treated, The exceons
pericsdante wo2 estimatec by titration a2 the iedine
liberated ?rom potnseium iodide with standard sodimnm
eresenite solution,

| The econtrol had deken up .99 molea, of periocdate
per OoH, 0gW,; while the unknown trimethyl gluconamide

hed consumed 0,074 moles, of periodete per COgH, 04N,
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| DISOUSSION

;
!
followed by hydrolysis and identification of the unth*atod

sugars obteined, was used to determine the part pluyoT

The clacaioal method of complete methylation

by glueoese in the structure of inulin, The polysesccheride
was methyleted by trestment with sodium hydroxide andl
!dinothyl sulphete under mild econditions ef taupartturT

in order to reduse ms far as possible the rish of
|degreding the molecule, Three cueh trestments gave = |

sompound of OMe 431, A further, einilar, treatment 1n:

'In order 4o obtain trimethyl inulin, this materiel

noetone solution raised the methoxy! centent by 0,69,

wes methyleted by Purdie's method, when, sfter

purifieation by prescipitetion from shleroform nolutlo?

iby 1ight netroleum, a eompound of OMe 45,27 wege Obtli+‘d.

This trimethyl inulin was hydrolysed 1In two !
: |
atagees, firstly by metheanolis-aqueous oxalic acid at |

80° , and finelly by methano! oonteining 0,257 i
!hydroscn ahloride, in $he ao0ld, The umixture of mcthyii
| Pructoasides was freotionated by extraation =) with i
1ight petroleun to give three freaotions: and D) with
iehloroflru to give two fraastions, o)

: A sample of esah of Ltheae fraocotions was hydraly#ol
irith sgueous oxelie moid (2,257) at 80° for 2 hours, +nd
ith- neutraliged hydrolysates exenined on the paper !
'ehromatogran, It was found that each fracstion contlinéd
| two methylated sugsra, one of whish had an Rg value

!Gf D97 and the other hed an Ry velue egual %o that

let tetromethyl gluccse used ag a sontrel i{,e, 1,00,

At Pirst sight these shromatogrames, whioh were

|

I

|
' spreyed »ith smmonelonl gilver nitrate eolution, voul#
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seem to indlcate that no preferenfial extrsstion of the

fully methylated glysosides from the trimethyl gtyooatdac

hed been effeated; and that the only ginecose derivstive
|

present is the fully methylated compousd, mne no trimethyl

derivatives of gluease harving an Rg value es high as

0,%% are 1isted (14), There remaine the possidbility

‘that these two spota present on the developed paper

|
[ehromatozram are due %o miztures of sugars hsving

identianl Ry values, |
To explore the posaibility thet telrsmethyl
glucose and tetremeihyl fructefursnose, whose Rg valuﬁ
|

had not then been satimeted, have the neme Ry vnlue, o

sauple of sotenmethyl sucrose wes prepmred, On hydrolysis
!nnd exeninetion of the hydrolyante on the paper
ohromatogram, only one 2pod woa obgerved on epraying
with snzonsicel silver niirate solution =néd heeting aé
190° for 19~15 winutes, Ito Rg velue wae identiesl
with that ¢f dtetramethyl glucose. Thus it was denonstreted
ithat the fully methyleoted derivetives of gluaopyrencse
and fruetofurencse have the sene R, value, Thie
shgervetion wre sonfirmed ueing a syntheticelly
prepared specimen of tetramethyl fructofurencsge, In

vlev of these results the following work was undtrtakiu.

The Use of Amine Oxaletes for the Detestion of Sugars

en the Developed paper Threnastogram,

Following a report by Dr, Jones 72) thet sugsrs |
%on a develeped paper ahromatogram showed up =0 aolourﬁd
spots agrninst the white background of the paper vhen ﬁho
shronestogrem #ae sprayed with saturated solutions of ‘
these remgents and hented in on oven at 105° for 19

‘minutes, a number of these compcunde were tested im
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order to find, if possible, a colour resetion whieh
would distinguiesh between tetramethyl glucopyranose
and tetramethyl fructofurenose, In addition to the
feect that these sugers sre indistinguishable when a
8ilver nitrete spray is used, the methylated derivetives
of fructose eare only feintly reducing to emmonaical
silver nitrate and = more delicete test is necessary,

It was found that when a saturated aqueous
solution of urea oxelate was sprayed onto = developed
paper chromatogram a semple of suthentic teiramethyl
fruectofurenose geve a greyish-green colouration, A
sample of tetramethyl glucopyrenose on the same paper
gave no colour reaction whatsocever, If a duplicate
paper to £h¢ ebove wes sprayed with s saturated aqueous
solution of aniline oxelate only the tetremethyl glucoese
sample was detected as 2 pink spot, the tetramethyl
fructofuranose giving no colour reaction with aniline
oxalate, As was to be expected, 2 spot of octamethyl
sucrose hydrolysate gave a cheracteristie colour with
each reagent,

Thus it will be seen that by use of these two
reagents on duplicate paper chrometogrems of hydrolysdd
inulin frections it will be possible to determine the
nature of the sugar having an Ry velue identical with
that of tetramethyl glucese, information theat ecould
not be obtained by the use of the single reagent
ammoneical silver nitrate, Furthermore, it was found
that the uree oxalete solution was a far more delicate
test for the presence of methylated derivatives of
fruwtose then was ammonaicel silver nitrate,

The synthetically prepared tetramethyl fructofuranose
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wae purified by distillation in e high veouusm and thupg
Givided into two fraetions, The higher boiling of the two
‘hed e refractive index 0,0007 higher then the lower
boiling of the two frastiona, Thie trmce of trimethyl
fruutofurgno.o in the higher boeiling fraction wae not
.déﬁestcd using ammonaieel silver nitrete, but on
I-abatitutlng ures oxalate solution 2 definite, though
faint, spot due to the trimethyl sugsr was obaserved,

On re-exeminstion of the five frestions of methyl
fruotosides obteined by solvent extreotion of the
hydrolysed trimethyl inulin, on the paper nhrﬁuatogrln,

;and using the two anine oxalates to detent the sugers,
1% was found that frastions A, B and 0, extracted by

' 1ight petreleun, all contained the same derivetives;
 tetramethyl frwtose, trimethyl glucose snd trimethyl
fruetose, Those two Tractions D and E, whioch hed been
obtnined by chloroform extraction, consisted of
tetremethyl glucose, together with » trace of tetramethyl
_fruetelo, end the twe trimethyl ocompounds as ebove,

Thus while there has been only slight preferentiel
extraction of the tetramethyl over the trimethyl fructose
from the squeons spolution dy light petroleunm, the
tetramethyl fructose has been separated from the
tetramethyl glucese by this extrection, The resson

‘| for the removael of the tetramethyl fruotose in the
:light petroleum wvhile the tetreamethyl glucose remeins
in the esguecus solution is unknown,

The Separation of the Mixture of Sugers obieined om

Hydrolysis of Trimethyl Tnulim by Partition Chromstography

on » Column of Powdered Cellulose,

Prior to the development of this teshnique
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fraetioneal distilletion of the methyl glyeocsides waes

the only method aveilebllk for the separction of a
methylated polysascharide hydrolysste inte its individu=l
components, This latter method suffers fromn two
disadventsges in thet it requires large quentities

of meterial and thet it {8 very difficult to obtain

s somplete seperation of the methyl glyecosides,

Chrometogrephy overecmes thease two dissdventages and it

19 ropidly sssuming a plece of importance es o :t-ndn}d

technique of carbohydrete chemietry,

Jones (17) reported thet tetremethyl methylglucoside
oould be guantitatively seperated from a mixture conteining
5.0 gy trinmethyl methylglucoside and 130 mg, of the
fully methylateéd eompound, by adsorption on -etivatad:
flunina from solution in ether-light petroleun,

MeoDonald (19) hsd shown that the partition coefficients

of 2:31416-tetramethyl glusose and 21316~trimethyl i

glucose differed by a facstor of 100, thus allowing e |

 seperation of the two, though the manipulations

involved are, however, unsuitable for small cuantities,
By partitioning between chloroforr end water, the latter
held in e rigid eolumn of siliecs gel, Sell {12) eohieved
on a small scale, an absolute scparation of these iwo

methylated sugara, It was slso found possible to

 separate the trimethyl and dimethyl glucocses by partition

on & similer column between water and a shloroform-
n-buteanol mixture,

Yore resently, Bell and Pelmer 713) have roporfcd
the quantitative separetion of » mixture of 1131416~

tetramethyl, 1t1%th=trimethyl snd %i1i=dimethyl frudocees

 using a coluzn of eilice gel and eluting the sugers
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with toluene containing 0O, 334 ethanol, chloroform

containing 5.0¢ n-butenel and methanol respectively,
A queritiative recovery was not obtained with 334:6—
trimethyl fruectefuranose,

The method used in the present work was essentially
88 desoribed by Hough, Jones and Wadmen (10), The
column was tightly pecked with powdered cellulose and
weshed thoroughly before use, The light petroleun
extrects were combined to give Fractionl which thus
contained tetramethyl fructose, 3:4t16~trimethyl fructose
and a trimethyl glucose, This syrup was dissolved in
the minimum of the solvent used {704 100-120 petroleum
ether, 309 n-butsnol, seturated with water) and the
' s0lution trensferred to the top of the ¢olumn, The
sugars were eluted by sllowing more of the sesme solvent
to flow down the column, The receivers were changed
every five minutes by an automatic electricel mechanism
end the contents of every tenth receiver were concentreted
end sanalysed on the paper chromategram., A picture of
the distribution of the sugars throughout all the recekvers
ves thus obteined, The contents of those tubes
eontaining the same sugers were combined and the solvent
distilled under reduced pressure, The guantity of each
sugar wae obteained directly by weight, In this way
the tetreamethyl fructofurancse wes isolated
shromatographically pure as Freetion Ie,

Fractions D and E, contsining tetramethyl glucose
and the two trimethyl compounds were combined to give
Frection II, This mixture wes separated into its
components on the cellulose column as before, the

tetramethyl gluecose being obtesined free from trimethyl
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sompounds es Prestion IIa, This did not erystallise on
standing, |
E It was found nesessary %o wash both the oa!uuns;
'with water in order to elute all the trimethyl sugars,
iThcac solutione of trimethyl sompounde were coubined |
ianﬁ the solvents distilled to give @ syrup free fronm
fully methylated sugere, Praction ITI,
; ~ The resovery from these two chrometogrephic
(separations wes 217 using & total of 6,114 g, sugers,
i The eamples isoleted directly from the column
iby distilletion of the eolvente under reduced pressure

i'oro found to be oconteminated with e wexy material,

i!n erder, therefore, to sscertain the true guantitative
irolatlonuhsp of the monosacsharide dorivativen iselntid
from the trimethyl inulin hydrolysate, 1t was essentinl
!to enalyse the individuel esyrups for their true sugar
‘eontents. In eddition, Practions ITe end 11T uonatatoﬁ

of mixtures of sldogse ané ketose derivetives end sm |

inouuratt knowledge of the guantity of ench suger
|

present is reguired in order to throw 28 much light

ino possible on the corstitution of the inulin molecule,
i SBince emeh fraction sontains only one class of
E-u;ar derivetive i,e, elther tetremethyl or trimethyl
‘hexoge, » knowledge of the methoxyl content of the
Praection will enable ue t0 onlfete accurately the
ilugnr eontent of e=ch asyrup,

The aldose derivetives can be cstimated in the
;prescuoc of ketoses by utilising the quantitative
El:idatlun of the aldose 4o the aldonic eaid by
ialkllino hypoiodite, The method used wne modified

from Hiret, Hough and Jones {14), 5 ml, of & solution
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of mecurately known coneentration {1=24) of esch of
the three Fractions weas made up end purified free
 from gresse by the additioen of s 1ittle "FPilter Oel”
fellowed by filtrestion, Approzimately %00 mg, samples
of the resulting, olear, solutions were weighed out

' endé sanalysed with alkaline hypoiodite,

It was found that the chromestographleally pure
sauple of tetramethyl Ffruectefurenoce,Praction Is,
took up no iodine, snd therefore the mssumption upon
whioh these esnslyses are bmsed, upteke of iodine dy the
eldose derivatives only, s justified,

From the results of these estimatiocons the abaolﬁto
quentities of the verious monosmcscharide derivatives |
obteined on the hydrolysis of trimethyl inulin were
enlouleted, The total tetramethyl Pructofurancse
isolated wes equivalent to 7,99% of the totel products
of hydrolyesis of trimethyl inulin, Assuming, for the
moment thet the glucose is derived from other then the
inuiin moleocule, then these results would lead to the
eonslusion that this semple of trimethyl inulin,
nethylated in the normel stnosphere, consisted of =a
straight chain of 25 fruectofursncse residues, Possible
‘sources of the glucose will be discussed later on,

The end group had been essumed to be tetramethyl
Pruetofursnose solely by compariecn of its rete of
travel on the paper chrometogram with thet of an
authentic, synthesised, specimen, and from a knowledge
of the previous work on inulin,{3), in which the
end group wes aharscterised by conversion to tetramethyl
fruotofuronamide,

Thet eample of end group isolated from the



present senple of trimethyl ihulin wees also sherecterised

&7

as tetremethyl fructofursncse by its conversion teo

tetremethyl fruectofuronamide, the trensformation

being carried out by the methed of Avery, Haworth and

Hirst (11),

?naou. clscoa 200N, ?onu,
HO~0 HM——I n.o-? e =0
; |
M e 0~0~H ¥eO~0=H ¥ e 0=0~H
| I

H*é-ﬂlo

I —— a—tla-ox. — H—T—au. = :Miu-om
H R«-T a-'-cl: =0
. |

The gquentity of tetresmethyl glucose inPraction Ila
‘wes estimeted oo 4%.17 using the hypoiodite oxidstion
methoed for the snalyeis, This is eguivalent to ©,974
ef the totel hydreolysed trimethyl inmulin,

An ettempt wae meade to characterise the tetrametihyl
glueose igolated from this Fraetion by the preparation
and ldentificetion of the anilide, Only 9 mg, of
relatively pure orystalline sugar sould be obtained
by extraction of Prection Ile with light petroleun,
After preparetion of the snilide, the derivetive oould
not be purified free from & emall gquantity of
eontaninating syrup,

The work of Haworth end Le-rmer (1) esteblished
the constitution of the trimethyl fruetose beyond
deubt as the 3t1h¢l~ feomer, and therefore the structure
of the trimethyl compound isolated during ithe present
work wes not investigeted,

FPraection IIT was enalysed for 1ts trimethyl

eldose content by oxidetion of the sldose component

with alkeline hypotodite, It was estimated as 3.41
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- of this Freotion snd therefore 7,224 of the total

hyérolysed trimethyl inulin,
A total of 4,27 of methylated glucose has been

iscleted from the trimethyl inulin sompered with

.5.71 for the glucose content of the inulin before

methylation,

A seoond semple of inpulin { [&JD-— 40,8) was

 methylated by & series of resctions similer to thet

used for the firot sample exsept thet the preliminery
zethylation with dimethyl sulphate in the presence of

exsess so0dium hydroxide, was osrried out in an

' atmosphere of nitregen, A coumperison of the cuentities

of end group obtained from the two semples will ghow

if any oxidative breskdown hed taken place during the

methyletion of the firet sample in air, »s hes been
found in the cnse of cellulose, A sompound of the
required methoxyl eontent for trimethyl inulinm (435,61)
wag obteined safter purification of the crude produst
by precipitation from chloreform solution by light
petroleun {40-60),

Thig eecond semple was hydrolyesed to the methyl

' fruntoeides by exeotly the seme methols es had been used

' for the firet semple, An approximately 44 aquecus

'solution of the syrupy fructosidee wes extraoted in

'an #1l-glase apperatus with three sucocssive quaniities

‘of purified light petroleunm (55-35), eaoh extraction

'being econtinued for 3 hours, On evaporation of the

' solvents, three syrups, Fractions ¥,X and Y were

obteined, The fructosides remaining im wsolution were

extracted exheustively with ohloreform to give Fraction 2,

Although the tetramethyl and trimethyl componente
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‘of the mixture obteined on hydrolysis oceuld be
seperated completely and ee2sily by pertition chrometography
on the ~ellulese 2o0lumn, this solvent extraotion wns
perforned in the.hOFI that the two fully methyleted
‘derivatives would be sepsrated from ssah other by this
method ne hed been found in the investigation of the
firet assmple of trimethyl 4nulin,

On exeminetion of hydrolysed samples of Fraoctions
;!, X, Y and 7 on duplicate peper chrometograms sprayed
®ith aniline oxalate and uream oxalete, this sepsration
was found to heve been effeoted aes before, |

Froctions ¥ end X contained tetrsmethyl and
?trlmothyl fructose together with trinmethyl glusocse,
Fraotion Y conteined the above sugare plus a trace of
totrenmethyl glueccse, Freotion 7 econteined tetramethyl
‘and trimethyl gluecose and trimethyl fruetose,
i Fraotions ¥, X and 7 were conmbined, asince they |
eonteined the seame ocompounds, to give Fraction 1,
wvhich was hydrolysed to the free sugars and then
separated into ite components by perbition
chromeatogreaphy on the ;algun of powcered cellulose,
using the same solvent as before, The tetramethyl
fruetofuranose was obteined free from any trimethyl
sugars as fraction 1b, Similerly the tetramethyl
glucose was obtsined chrometogrephically pure as
freoction 2b, from the separation of Freetion 2
{hydrolysed Fraetion 2), The trimethyl frections
from both colusns rere sombined to give freotion 3,

Prootion 2b wes found, by examinstion on the
paper ochrometogram, t¢ contain a little trimethyl

fructose, end oonsequently this fraction wes
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| re~gepareted on the ccolumn, when the tetramethyl
glueoee wnes obteined eryetelline on evepormtion of
the solvent, Pfrestion 2¢, It would appear thet a
sauple oo large ns Preetion 2 (5,28 g ) will not
separnte completely on a column of these dinemeiones
vhen the Rg velues of the ecmponents sre es close oo
0.8 anéd 1,00,

; At this stege, therefore, the trimethyl inmulin |
hydrolysete had been divided into three frections,

eimiler to those obtainey from the firat sample,

Preetion 1b wes shown, by snelysis on the

paper chromatogren, to aontein tetremethyl fructiese
5togother with 2 rueh smaller quentity of tetramethyl
li!uaoaa,

Prastion f¢ consisted lergely of tetrsmethyl ‘
glucose, with s small quantity of tetramethyl frueto:&.
| Praction 3 eontained 3:dHib~trimethyl fruotofuraLaso
eand a trimethyl glusose,

Each eyrup was found, as before, te be contaminnted
with » gressy impurity, and the methoxyl sontent was
teken ez giving an ecatinate of the astual sugar

;eontcnt of esnh frastion,

The tetramethyl glucose econtents of fractions
1h end 20 were estimated by alkeline hypolodite, ané
the fruetose end group estimeted by difference, The
latter wrs found to be equal %o %04 of the total
hydrolysed trimethyl inulin, thus giving s value
of between 30U snd %95 residues for the shain lemgth

Cof inulin, meouming, =s before, thet the glucose

end group does net originete in the inmulin molecule,

Comparing this estimate of the end group (3.90%)
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with thet found in the first ecemple of trimethyl &mulin

{2.%97) there 1s little subestantisl evidence for the
oxidative breskdown of inulin during methylatien
in sodium hydrozide solution in the air,

The whole of the tetreamethyl glucose fractionm
wves purified free from gresse as before, snd a white
~erystelline meee obtained, Thie wes treated, under
reflux, with the theoreticel guentity of eniline in
ebsclute ethanelie golution, After % hours the solvent
wae removed, when the orystallire snilide remesined,

It wee reorystallised from light petroleumn, end =
mixed melting point with an suthentiec specimen of
tetremethyl giuooa. anilide was unchanged,

The unknown trimethyl glucose was eztimated, byi
alkeline hypoiodite, to nonstitute %.9¢ of the trlnotﬁyl
hexose frastion, and therefore 3%.77 of the total
Ihrdrolyaed trimethyl inulin, The resovery of
methylated glusose represents 5,77 ¢f the hydrolysed
 trimethyl inulin, the same conceniration ez wee
| estimated in the unmethylated polyseecoharide,

' The Struetursl Investigstion of the Trimethyl Glucose,

Sipece thiz compound could net be separeted from
large emount of 314ib~trimethyl fruetofurencse by
physiesl methods, the whole of the trimethyl freetion
' wes trested with bromine inm en attenpt to isolate
 the trimeihyl aldoniec anid snd lesve the trimethyl
fructose unchanged, Three treatments with dromine
were necessanry before the trimethyl glucose was
eompletely oxidised, ae wes shown by the disappearence
of the pink spot on = paper chromatogrem sprayed with

aniline oxalate selution, The third treataent with
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bromine wes given in the presence of lead carbonate, |
and the overall period of oxidetion was 12 deye,

The trimethyl gluconiec acid wes separated from |

(the Zi1bhi0~trimethyl fructofureanose by psrtition

shromstogrephy on the cellulose column, the sugar

' being wnshed down the eolumn with the butenol-petroleunm
|

solvent, while the scid remained st the top znd wee

estraoted from the first 15 2m, of pecking with hot

. |
qualitatively on » paper chrometogrenm developed in an

wanter, Un oconcentrating the extreet and exswining

roidio solvent anéd eprayed with an indiestor solution

{bromo-~phensl blue) two distinet yellow, eoid, spots ‘

' were observed, |

‘distillante,

These twoe soids were sonverted into their
|

methyl easters by treatment with bolling methanolie

hydrogen shleride and the syrups so obteined dlsti&loh
in = high vecuum, %0 effeet, if possible, = separation

of the two components into the twe frastiones of the

Preotion I, & syrup of methoxyl sontent 4% highl

for a trimethyl glueoniec mid methyl ester, weas treaipgd
|

with methanol seturated with emmonie at 0° for Adaye,

|
- wvhen @ orystelline growth hed formed at the base of the

tube, On exeuination of these erystels by melting pei?t,
rogation end -nelysis they were found to be U~)~dimethoxy
succinamide, It is considered #o unlikely 28 to be
unvorthy of further consideration thet bromine would

exidise en nldose right down to this compound, =nd

the Di=)~dimethoxy succinioc meid is thought, therefore,

5 to be = result of the oxidetive breakdown of some of |

the S14:6~trimethyl fructéfurencee by the following
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faerioa of resetlons, during the 12 deys treestwment titL

 bromine,
’TEEOH coox
HOW0 — sm-:lz 00— 1004
n.e«'-zl;-ﬁ neo-slz-u x.o-gs-—s WeOmOwH |
af‘»cla-ozs.o e H--{l!-OHe et a—-ét-oxe v T gegmOMe
AHQOHG éﬂgﬁﬁc AHEOﬂe i

‘ .
| FPragtion II of the ester distillete wns '
- sontaminated with sulphur, whieh wes rcmééod by
extraction of the ester in woler, Evaporation of the
solvent lef't a syrup of OMe 489, Consentration of

the mother 1iquor from the D{~)~dimethoxy suceinemide

| geve & syrup which was oconbined with Preetion 1T and

. re-~trested with methenolie anmonia st 0° for & duyo.‘

| A syrupy enide remerinzd on remoeval of the solvent, J
|

together with a furiier, smeller, arop of asryestels of

methoxyl content for s trimethyl glucomnsmide and was

P{=)=~dimethoxy sucoinamide,

This syrupy emnide had almost the correct

exenined by three series of reactions,

A semple of the syrupy amide, end a sample of |
gluconsmide sp ¢ sontrol, were oxidised with poriodié
eeid, by Reeves method (13), If position Og ie
urmethylated, it will he aplit off the molesule as
formaldehyde; whish san de detented and qulntitat!voqr

estinmnted a9 the dimedone ecomplex,
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| ?01«32 COrH, J0FH,
:Eﬂ—?~OH i-2~0H 430
|
HO= 0w HO=0~i 2000H
e == l 2
awTwoﬁ H~0=~0H 2000H |
| |
H-7~0H LEL HCOOOH |
rla 0" HOHO HOHO

The dimedone ocomplex was obteined from the
' eontrol in e 70¢ yield, but no,precipitate wae obtn!n@d
;frOm the amide under investigetion, Therefore it muati
concluded thet position Og is oscupied, end theat the

trimethyl glueonsmide is not the 231314~ isomer,

The unknown gluconsmide was subjected to the
‘Feersen reesetion, given by all o ~hydroxy emides [16),
A «~hydroxy emide is oxidised by sedium hnbehleéltﬁi
i‘I.o give hydreoayeanie aciéd, which resects quant!tntifnlyi
iilth senicerbazide to give & precipitete of the vator'

insolulle hydrezodicerbonamide,

gowd HO®O
l 2
H=-0—0H Tao
I
HO=0=H Ka001 HO-"(IJ'-H |
{00 H _ u—-ci.t-ou '
|
i=0=0H H~0-0H
.
oH,0H cH,0H

HOWO + NH,~00~=FH=NH, ———5  NH,~00~NH=NH-00-NH,

| Thus by means of the adove resation »

'guantitetive estinate of the sonsentration of X-hydroxy

iamido in a mixture is obtained, |
i A distinest precipitate of the white
|

hydrazodicarbonanide was observed from a sontirol Sest
‘on gluconanide, but the unknown gave 2 negative resotion;

therefore noaltion 0, nust be osoupled by a methoxyl
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{;reup erd the ocupound Lle therefore not the %346~ I-Ln-r.

' The Retination of the Upteke of Periodete lom,

|
| |
: Two pozsibilitier for the trimeihyl glueﬂntulds‘
| |
renaing either it o the 21716~ or the 2pdyd~ ictntr.f
iﬂt?:é-trintthxl gluconamide will toke up 1 mole, of |

|
‘pericdete por mole, nscording te the following renoti+n.

J0¥H, 0P8,
a-e':-ov. H-tl!--{me
i ﬁ.-::v-—:lz—a !z.n--c!:«-!i
| §i--fI}--f!*¥! ‘I!F-!ﬁ I
Hﬂéwﬁﬂ oHO
éﬂgﬂﬁg éHﬁG!c

21l b=t rinethyl gluconmnide will not be sttenked by periocdeate,

in the experiment, after 7 houre cxidation, & |
|sontrol sample of 21 %1é~4rimethyl gluconanide had
itakta up 9. 9% woles of periodate per mole, of asnide,
the uninown sompound, under identioal cemditions,
oonpuned O, 74 wmoles, of periodate per mole, Thue it

would sppear that the resotion had gone slmost to

conpletion and that the glusonemide obtelined from |

trimethyl inuiin ves & misture of spproxinmately

209 292 sb~trinethyl gluconaxide
‘end 0% feheb~trinethyl gluconenide,

The foregoing series of results d¢ not point te
;-ay definite melesular structure for the inulin
iocapltx, but they do lerd ue to 2 limited nunber of
‘pﬂlilbilltltl shieh will now be considered in detail,

‘ The first poseidility whieh is open to considerstion
| L
‘4 thet the inulin ochein, proved streaight by the
non~deteotion of any dimethyl oowpounda, consists of

‘& mixture of frustofurenocse and glueopyrencse residuse,



' In order, however, to seezgnt for the ocssurense of
ft-trancthyl glueose, the redusing group of the fructose
ohein must be sombined with o glucose residue through

the reducing group of the latter; giving, at one end of
‘the straight ehain, » disascharide heving the non-reducing
;aonfigurat!on of sucrose, A structure having the tornﬁnll
grouping of sunrose hes, in feot, been suggested for i
j-rtieheko inulin by Dr,J,8,",8800n {17) 28 & result e#
.nnsrmatlc degredative studies on the polysmeccheride, |
An alternstive possible strucsture is one in whieh the
Pructofurancse chain is terminated by three or four i
islueaat unite, conteining poessibly two types of g!yco?idiu
1inkege (Peges 5% % 75) and with the end two residues
_11nked through their reducing groups te give = nonereducing
:poly-aeoharide. Agein, alternatively, on the evidence
Iavailnblo, the reeidues which give rise to the trhothf!
glucose on methylation end hydrelysis might be distriduted
ialoag the frustose shain,

| It must be pointed out, however, that no lanplo;of
inulin yet prepared has had e negative reducing not!.; on
'Fehling's solution, and the semwple used in the present
'investigation wes found to heave a 8light but dofinltoi
reducing action, The amount of reduction reesched =

‘meximum sfter two minutes beoiling end did net incremse on
!contlnuing the hesting Por a further 13 minutes, It t?.ﬂl

l |
'1ikely, therefore, thet the redustion of Fehling's

| selutien by inulin is due te 2 free reducing group at:

' the end of erch moleouler chain, and not, as sesumed Py
IPrIngshcin {Introdustion; Page %) to be due %o the
Ihydrolynl- of the polyssscharide to free fructese,

!Thll. strustures suggested here would be non-reducing,



b
and they must therefore be regerded with e ecertain

emount of doubt,

In sddition, these structures, on methylation,
;till give rise to equal proportions of tetremethyl gluccse
and tetremethyl fructose, and this hes not been found
in preetice (Pages 48 & 53), A molesular weight deverminetion
¥ould probably provide valusble evidense here, 2s if ;hosa
:luggestienn represent 2 true plsture the moleculear aize
s deternined by the claesionl "end group" method will
be half of the true molesular welight,

These results may m2leoc be interpreted sa arlllné
from a strusture sonsisting of e short, straight ohaij
!51uoa-an essoniated in o physieel menner with o longen,
etraight chein polyfrustosan molesule, From = quantlt@tlvo
ioatimatian of the tetramethyl fruectofurencee end gron;
%arlslng from the non-reducing end of the chain, we nng
sonslude that the polyfructosen molecule consists of
epproximately 33 snhydrofructose residues linked, =siras
'ahown by Heworth end Learmer (1), through the 1i2-

L

!ponitionl. Thies ie the structure thet hed previously
|

aseigned to inulin following upon the work of Heworth,
!leat end Persivel (3),

| From the results of this present work there s

now the possidility that this repreosents too sinple e |
pleture; the slessicsl inulin complex of [b{L)-#ﬁbbe!ﬁ;
ibuiit up of the short chein glucosan held on to the

lerger molecule either by hydrogen bdonding or simply Qy
‘edsorption, being cerried down ocut of the squeous soldtion
:shon the polyfructosan separates on ohilling,

|
Prom the esnslysis of the sugars produced on hydrolysis

of trimethyl inulim, this glucosan, 1f in fact it exists,
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i3 probably a tetremmoheride (Pages 48 & 53%) eontninlA;

fyousibiy t7o types of pglynosidie linkege, 113~ and 1~
;(Pagoa 58 & 75)., Yeluable evidense for or egeinast thia

?ty’o ef structure for the inulin scmplex would probebly

be obteined by exeminetion of = solution of the polynﬁeoharld.
Iby eleatrophoresis in the Tiselius epparatus, It nu-t!be

torne in mind, however, thet if evidence waes obtuincdihtrc
for the exigtence of twoe moleculez in the selution, t%-rl

19 no resson to suppose, unlese =n nocurate qunntitatlrc
estimeation of emch weo mede, thet one was the gluaonaq

The chein length given te the inulin molecule es =»
result of end group determinations might be an sverage
value obtnined from 2 mixture conteining molecules of
vYerying molesuler dimensions,

In eonelusien 1t might dbe puint?i eut thet tvidcht
hee heen obtalned [Pages 5% & 74) to show that the
trimethyl gluecse leolated from an hydrolysate of
trimethyl inulin is not the “1416~ igomer, os wos

elaimed by Irvine end Nontgoumery (20),
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: SUMMARY |
1) Twe ssmples of pure inulia ( [x] —&Q.J) have boon;
;ncthylntcd by trestment with dimethyl sulphete in the !

?vrcloneo of ttrcr; sodium hydroxide sclution; one ..-Qx.
in the eir end the other in en inert etmosphere, Purtﬁer
methylation of these by Purdie's methoed geve two .lupﬂea

|
of trimethy! inulin,

|

2) Methanolysie and fractionstion by extrastion nithi
iisght petroleun lead to the separstion of the tttrancﬂhyl
éa'thrlfrnntefuranonito snd the tetramethyl uothylg!uuqoiﬁc
ipretcnt in the hydrolys=te, Each of these s2mples n-a!
econtaminated with trimethyl compounds, '
3) The two fully methylated sugers were isoleted cndI
quantitetively estinmested eafter separetion from trlnlthyl
‘eclpnunda by partition chrometogrephy on & ecolumn of
'poudertd cellulese,

‘4) Fo evidence has been obtained whigh nlght 1ndiont4
oxidative breskdown of the inulin molecule during ntt%llattcn
;tn the presence of evdium hydroxide in the air,

55) The isclation of a suall guentity of trimethyl gl#aoio
from the trimethyl fracticm of the methyleted inulin |
hydrolyeeate 18 reported, Investigation showed thia to be

;u mixture of 709 244¢6~ and 59% 21216~trimethyl glucoae,

6) On the basis of the evidence mvailable possible
2tructures for the inulin ocomplex of (] ~40,0" are diseussed,
7) An instence is given of the usefulness of amine

oxalates in dist inguishing between methylsted derivat¥ves

of fruotose and glucose on the paper oshrometogren,
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INTRODUSTION

Part I1 of thie thesis 1s eonserned with the |
sttenpted elucidation of the struzturs of a galysleobpridu

extreated from the Tungus Lyeoperdon bovista,

The unripe fruit body of the fungus has been

extracted in order to obitain the polycaccharide, Bnri?;

|

|

I .

‘5rowth the fruit body ie¢ yellowish or olive in colonrﬁ
 end globose or depreassed oval in shape, It {s sesesile,
| |
|
|
|

end sttached 2¢ the base t¢ ¢ ogord-like nycelium, The
|

outer layer of the fruit ie downy et firet, then bteoitu;
 smooth, glossy and fregile, Finelly it aracks end falhc

|

‘nway from the inner layer, whieh is brittle, end
\diaappoaring ebove it exposes the coupmet spore mass,
i i
' whieh 43 2% first white, then yellowish, and finelly

|
| |
iulivnaeeua. These fruit bodies appear between May end
|

| Fovember, in woode and psetures, and messure approxiuu}ely
12 x 11 inches, They are snid to be edible,

|
This is one of the Higher Turgil, end exceedingly

1ittle work has been done on the polyesmccharides of
these plents, with the exeeption of the researches of
¥.Takede 1), who studied a polyseccheride, which he
eelled P —~pechymen, isolated from the fruits of the
Pungus "Bukuryel
! In the Intreduction to hie booklet, Tokeds givep

e brief ecoount of the work op fungel polysesecharides

‘up te 1223, The smell emount of work thet hed been
' dove wes only of & very prelimimery neture, snd the
verious suthors held conflieting viewe, This roacarth;
iby Tekede, was the first seriocus ettempt to determine
|

the structure of a fumgerl polysmesharide,

Bukuryo, whose technicel name iz given es
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- Peehymns hoelen, oceurs in Chins end Jepen,vhere it

- grows on the roots of pine, bemboo, muldberry and

other trees, Tt ie lump shaped, lerge or small, brown.
- blaok in celour externally, end either red or white

| internally,

The polynssceharide wes extrected from the powdered
"Bukurye” with 87 eodium hydroride solutiom, =and
precipiteted in ethenol, It wee purified by eontlnuad;
re-precipitetion, It wans 2 pure white smorphous
powder, incoluble in water, did not reduse ?ehlin;'l\
solution, and contained no sugar scide, Tlucose was
the only hydrolyeie product, elther when acid or the
enzyme Takndiastese wvaop used, ‘

Hethyletion wag effected by the direct treatmc%t
of the nolysassharide with sodium hydroxide and
dinethyl sulphete, followed by reaction with silver
| oxide end methyl iodide, The fully methyleted aompounh,
vhoge methoxyl contert wes 47 low for e trimethyl |
hexosan, wes hyérolysed with methenolie hydrogen ;
| ehloride 2néd the glucoeides distilled in e high vacuum,
Fo tetramethyl methylglucoside sculd be detecsted, The
| trimethyl frection wee proved, by oxidaticn of the free
suger to the lsetome with bromine water, to comsist
selely of 2% 18~trinethyl methylglueeside, This wes
obteined in » 597 yield froa the methylated @-—ptchrnLn.
A 2%411 reeidue of low uet'Oxyl content wasz mod -xuntLod.
[3 <pashyman would therefore appesar %0 sonslst of = |
shain of glucose unite linked through the ttiw pn-itirnl.

In his disounsion of these results, Takeda points
out thet 21%16~trimethyl glucepyrenose could arise aJ

o result of a shift of the oxygen ring of glusofurenose
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from the position 04 to the free Oy position, when
21310~trinethyl glusofurrnoece is sected upon by eoid

during the hydrelysis of methyleted [S-pnahylnn. There

i

is thus the posibility ef the shain sonsisting of 1%
:Ilnkcﬂ glucofurancose residues, He finds support for |
; this in enomaloue dats for products 1solated after

| mgetolyeis of [3-penhyana, and alao in the 1soletlon
of & peculier gluaqmnono from theoe noetylated produds,

vhish, efter trestment with hydroshloric moid, pgive a

glueocenzone whese 2onstante agree with those of »

iknota ssmple, He postulstes thet the cota-ncety!l
‘hc:nb!aaa, isolated after seetolysie, conteine furenope
‘rlngl.
|

On the dets given there ie 2o reel poseibility

!thlt [f-pashyman consists of a ehein of 1:%5~ linked !

| glucofuranose residuea, but such = polysaccharide hnti
not, as yet, been found elsewhere, Indeed, if one IQ!F
fselated, it is to be expested that 1% would underge |
hydrolysies with extreme eance, 2z does 5alnotocsrolaao?(2).
Teakeds states thet P-paahyuun is diffisult to hydreiyse,
80 theat in 2l1 probebility 1t ie not = chain of

' glusofurencse residuss; but kmowledge of the non-redusing
' end group is regquired before this guestion cen de

' definitely denided either wuay,

Cther wort on fungal polyssaaherides hes been i
| eonfined to sompounds isolated from Lower FPungi, the moulds,
| These polyseacharides anpear to bhe true eqtraonllularr
' produets, and these 90 far atudied present intereating
;typti of ecompler serbohydrate etructure, “hen produced

in o liguid medium, mould polyssecherides uoueslly hav

|
emell meolecular weights, due poseibly, to the compararlvoly



these compounds mnpenr 45 behavwe as mucilaginous |

R4

long pericd required for meteboliem, during whish th

1y%ic enzynes degrade the initial nsoremolesules, Yoat

meulde produsce o ecomplex mixture of pulynaaahnridco.{

- the proportion of any one component depending on the |

period requireé¢ for growth, The biologieceal funotion
of the extrecelluler mould polyssacharides is unknown,

but they nre generslly sssunsd %o netl an reserve

| sarbohydrete, When the mould is grown on a so0lid uedium

"fefensive collaids’

The well-tried methods known in pelyececeharide
chemiptry heove been used to elucidete the siruectures
of the reverting units of mould polyesceharides, n#d
1t »111 be of interest, =c » background to the present
werikc, to review some of the types of structure metl

with in these ecompounde,

Hennosarelcose 1a the nene given to o polysassharide

fs0lated by Tlutterdusk ‘3) Proam the mould ?eniallliup

sharlegii 0,8mith, vhen growr on a liguid Oz2apek-Dox |
medium, containing glucose =a the only sourse of oarbin.
Its structure was investigated by Haworth, Raletrisk
and Btecey '4) whe reported that 11 coneloted ¢f ¢

straight chain of nine Deamannopyrancse units, linked

through the 116~ positionz, 107 of 2¢7—dimethyl mennope

weg isoleted, which they sssumed wes due to innam;l&tr

methyletion, \

I
The trimethyl menncse sonstituent of the methylated

mennoeerclose wes noted by Maworth, Niret end Yshervop

and Jones [B5) to differ from sn suthentic epesimen of
21 %t4=4rimethyl mennose, A reeent re-investigetion of{

|
the hydrolysed methylated polysseccharide, by Stecey 'f),
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' hes revesled thet the trimathyl! mennose fraection consists

of equimoleculer smounts of the 2:%sd~ sand the Z1d6-
trimethyl derivatives, and it wes shown slsc that the
origin of the 213~dimethyl mennoee component wes not i

due o incomplete methylation, Accordingly, = brenoho?

I
' chain structure is now thought to represent more zlosely

the repenting unit ef this mould mennan,

~ 1 mLy L
-y ! -~ Ls
e P A |

s 7Y 4

0 - I{ﬁ

Mannocarolose
A galactan, Calasetosercloee, is slsc produced

from Deglucose by P, charlesii @,8mith {(3), The structure

| of the pelyenccharide wes investigated by Haworth,

Raistrieck snd Stecey '2), who showed thet it was
hydrolysed by ?%ﬁ hydroshlorie essid to give n—;s!nctuLc
oenly, Hydrolyeis of the methylated compound followed
by the direct distillation of the gelectosides led tc!
the isoletion of 12,47 tetrsmethyl, end P07 trimethy!
daivatives, The trimethyl fraction wae identified oe
213 16~trinethyl gelsctose, therefore the original
polysaccharide could consist of either galastofuranocse
or geleotopyrancse residues, but since it is hydrolysed
B apeid, end the end group wes identified eos

b7 Lo0 _ |
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2131516~tetramethyl geleotose, tﬁ- linkege in the
pelyseceharide would eppear to be 15—, with the

' gelectose present in the fursncse form, As the rotation
;il low, [}%l}m -Bho, these authors oconsider it probeble
;thnt the linkege 1s of the [-configurstion, From the
Iiodlnc nunber, and the isoletion of 12,47 end group, |

| the chain is probedly 9 te 12 unite in length, This |

spperrs 1o be one of the roare cesses vwhere D-~galectose

is found to occur neturslly in the fursncse form,

OH

Galactoonrolose i
Yarienose is o polysaceharide produced from

D~gluccee by Penicillium veriasne G.Smith, After

| filtrete consentrated in 2 pertial vacuum and the
pelysaceharide precipitated in ethanol, It was shown

|
'inoubstion, the mould 1s filtered from the medium, th+

|

|
by Heworth, Reistrick and Stacey '7) to be hydrolylcd!
by f% hydrochlorie asid to give 707 D-galactose, |
|1§1 P-glucoge and 147 of an unidentified hexose, On
!nethylltlon end hydrolysis the glucose was isolsted
-.' the end group in en anount which indicated » chain
of eight nmembers, The remainder wes meinly
21%16~trimethyl galectose, and the 147 unidentified

hexose was isolated es trimethyl methylhexoside,

ireprelcntlng the reducing end of the moleoule, This
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| I

' geve 8 liquid trimethyl hexose, snd » liguid trincthyF
' hexenolsotone; this letter gave a crystalline phenylhydrazide
which wee not idernticel with any knewn, Oxidation eof !
the lectone gave no muelec eeid, end no product ahoulnk
eny relationship to ganlectose, Treatment of the 'atori
.'f this oxidation produst with emmonias gave Dwd!notha%y
susoinamide, thus showing the positions of the methyl
groups on C, end 0, of the trimethyl hexose, which '
would eppesr Lo be either lealtrose or D-idose, It

would new seem to be identified sa l—nltreose ’6),

- &

Vnriintlo

luteic seid i9 a2 highly mueilaginous polyseccharide
'tsolated by Reistriek and Rintoul (%), It 1s s metabolie

product of Penieilliue luteum Zukel eultured on any

|vnrioty of sommon sugers, Mild acid or alksline

' hydrolysis resdily destroyed the remarkeble vissosity

' of agueocus solutions of luteie seid, and split malomie
reid off the moleecule,leaving » neutral polysescheride
‘luteose, Further hydrolysis yielded glucese only,

' Quentitetive estimations have shown that luteose is

!oonblaod with melonie soid in the proper~tiongof twe !
|

nolecules of glucose to one of malonie meid,
i

|
i The strusture of lutecse was investigmsted by |
|

Anderson, Haworth, Ralstriek and Stecey (9) who isolated
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!301 21 5th=trimethyl glucose and 107 dimethyl glucose

|
'a’ter methyletion and hydrolysis of the neutral pelyssccharide,

Fo end group could be demted, As the rectetion is low,
Dx]°= *5“. in agqueous godium hydroxide they lllign!ﬁ‘

 the Poonfiguretion to the 116~ linkeges, ‘

| 8ince ne end group was isolated, either the i

‘melesuler chain i too long to give 2 detectadble quun%&y,

.or the molesule is in the form of = loop, Ae o rouult!

¢f ogmosis experiments the molecule would sppe=r to |

congist of 70 unite, which would give tetramethyl glusose

‘ia sufficient quantities to be isolated considering t+o
 sensitivity of the method; therefore 2 eclosed chain |
iutrueturo nust be envisaged, The suthors consider tha#
the jselation of a relatively large dimethyl fraatlon!
!13 in seccord with this, the dimethyl glucose, whose
iltrnuturc was not proved, arising from cross 11nk!gll;
:boticon short cheaines of glucose residues, On the tthc?
ihsnd this yield of dimethyl gluecose may be accounted |
for on the basis of incomplete methylation,

Although much work remains to be dnne_eanoernlnf
itho fine structure of luteic ecld, 1t is alreeady nppa?ont,
iby virtue of its bheing e comdbination between 2 gluonng

' and an crgenio seid, that it ie = polyssccharide unigue

in thie fPield,

faRa (@)
J1n \

—
_O.—.-.-.-__r\ O_nt_:

Luteose
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Another interesting polyssseheride is that isolated

from Phytomonss tumifeciens, the crown gell organiesm

which produces nan abnormal growth proliferation, » tyba
- of tumor, on plent cells of numerous types, The
polysmocheride wap investigated by ¥MelIntire, Peterson
and Riker (10) who showed that glucose wes the only
preduct of hydrolysie, From diffuecion and sedlmontntl?n—
veleeity studies, these asuthore conelude that the eem;ound
| soneists of o chain of 22 anhydroglucose ruasdue;. |
” Reeves (11) studied its opticel behaviour in Iahor
end cuprammonium solution, and sonpered these r-aults;
with those obieined from the four possible monomethyl
-/3-nathylgtuoopyr-nesldoo. The opticel astivity of |
s—nothyl-f3—mcthylgiuQOpyrnnolidt in water and
cupranmonium s0 e¢losely resembled thet of the golysne%harldc

from Phytomonas tumifeciens that it s suggested that

this polyssccheride is ocomposed of glucopyrenose units
linked through the 112~ poeitions, }
This would eppeer to be 2 valid assudpbion,
loensldering that the beheviour of o 117~ linked compound,
‘Lnnlnarin, and 1:14= linked compounds, starech and otll%lo-o,

is similer to that of the corresponding substituted ‘

‘mothylquGOaide!.

14

OH

& »

|
I 0OH
|

The Phytomonas tumifsciens pelyssccharide,
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|
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The only fungel polysaccharide {colated up to 540

!prasent whieh has been found to contrin e uronie acid,

|1n the speeifiec polysececharide obtained from Ooeoidioﬁdoa
|

immitis, and inveastigested by Hessid, Ssker 2nd MeOready (12),
17 = oy e g |

!It wes prepared by precipitstion in ethanol, and was
iettinutod to contain 10,5% uronie eoid, On hydrolyeis
‘Iith ¥ sulphurie aecid it gave D-glucose, n-gnlnoturanio
iaotd and an unidentified amino sugar, not ;lucoaanlneJ
'in the approximate ratio 613%¢1, Both the originsl :
!po!ynaceharido, and that regenerated from the acetyl I
'compound, geve positive presipitin resections, but only
!tho-foruor geve » positive skin rermection, ‘

i This review covers briefly the whole field of

‘our present knowledge of the Fungal Polyssescharides,

i?hc grest diversity of these compounds will be lnncdi+tely
' obvious, both with regard to monossssharide constituents,
}and to the variety in positions of linkege by whieh t+o
iunltl are bound together to form either simple straight

' eheine, or complex breanched structures, It is evident thet

|a congiderable gep in our knowledge exists here, thioﬁ

must be filled before we oan have anything approachinL ”

conplete sccount of the naturally osouring polysaccharides,
' It would appear too, from psst experiense, that meny

new and interesting compounds await discovery, end it

wes with a view to exploring further this virtuelly

untouched field in netural producte chemiastry, that |

. 4he regsearch deseribed in Pert II of this theeois

. was persued, |
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| EXPERIMENTAL

The fungus wee cbteined 2s o dry white powder
;by dehydrating the puff-ball in ethanol, end Pfinslly
removing the ethanol in a vacuum oven, This semple of
 Lyscperdon boviste was colleoted 1n-0hor1t0n-auuuﬂqrdf,

¥annshester,
|

' The Extrsetion of a Polysaccharide from the Dried Fungus,
| |

i Firstly, hot squeous extraction waes attempted,

Dried powder (1 g.) wes refluxed with weter (25 uml,)
for 12 hours, It wae found necessary to add a few drops
of capryl slechol to set ss vetiing egent, The extrae
wee filtered, and protein removed from the filtrate

by the method of Seveg, Lackmasn and Smollens (1), Eight
treatnente were sufficient, using chlerefeors (10 ml.)

and n-butenol 4 mi,) for esch extraction, Fucleotiides

were removed from the 20lution by the methed of Kerr

end Blish '2), e method invelving their prescipitation
by uranyl escetate, The polyesnecharide was precipitated
in ethenol and dried by tituration with ether, A sream

eoloured powder (14 mg,) was obteined, representing

' 1.49 of the dried fungue, |

The polyseacheride gave m pale brown colour uit?

iodine, and on hydrolysis glucose was the enly suger !

prodused, ss was shown by esnalysis on the paper ehronLto;ral.

Secondly, » solution of sodium hydroxide (59) "ee
:usod for the extraoction, and the above proseases cmp1$yod
!ror the purification of the extract, A similar low yile
:of polysnccharide was obtained, This also geve only
' gluecose on neld hydrelysie,

The most efflcient extraction was obtained uninp

| the method developed by 3ell(3) for the extrsction of



. with sulphuris esid /¥) at 100° for % hours, and the

oz [

glyeogen from animel livers, The dried fungus /27 s.}
wns hented on o steam-bath for % hours with pota-aiua‘
hydroxide {300 ml,; 204), The extrsct was filtered |

through eloth and the residue washed with weter on th+

filter, The polyseacecharide was precipiteted dy yourint
the filtreate directly into 2,38 volumes of ethanol, ant

purified by re-presipitation, firstly in ethanol then inm
glanlel scetie aeid, After washing with absolute ethanol
end drying with ether, polyssesheride (3,95 g, ) wase i
obtained, It was a white powder, soluble in water te |
give 2n opalescent solution, A further frastion of 0.5 g,

the mcetic =cid moiher liguor,

polysnccheride was obiained on addition of ethanol te!
|

This total yileld of 4.0 g, represents 207 of thF

|

|

| fungus powder,

A further 29 g, of the powder was extracted with

poteassilun hydroxide solution snd 7.2 g, of pure polyspscheride

obtained by precipitation in glsoisl acetic acid,

Aqueosus extract founds N, 1,67; esh, 2,11,
Strong mlkeline extraot, found: ¥, 0,17; esh, 3.2,
|
The Determinastion of the Specifis Rotation,

An agueous solution being opague, solutions in
sodium hydroxide 9,5 n) were employed,
Agueous extract, BX]D==-P 5.0 g=1,01) |
8%, Strond slkeline extrast, (] =+ 4,7 (0=0,04)
?nd, Strong alkaline extraot, [bdn = 4 2,4 (g=1,04)

A ssmple of each of these fresctions was hydrolysed

neutralised hydrolysates sanelysed on the paper
chrometogran,

|
|
Agqueous extrect hydrolysate conteined glusocse with
|
i
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| ol
|

| treees of srebinose and xylose,

i tst Strong alkeline extract conteined glucose only,

“nd Strong alkeline extraot conteined glusose only,

O0louretion with Iedine,

|
|
A emall semple of emch of these extracted
:polysruehnriﬂes wes disgselved in water (2-% drops) on
'@ glazed tile, On the eddition of iodine solutien e
‘ntrong red-brown colouration developed, which faded ip
| 12 minutes, 2 similai solution ef glyoogen gave an

identinel colour on the sddition of icdire solution, |

The Rate cf Hydrolysis, ]

Polysecaheride (109,66 mg,: essh %.%¢) wap i
'bydrolyced with sulphurie aecid (10 ml,: %) and the

retetion cbgerved at interveals, A graph of the inoreape
| & Dx]uwsth time is shown,

‘Tha Oxidation of thies Polyssccharide by the Pericdete Ten,

») Estimation of the Pormie scid iLidbersted,

|

: te n preliminary experiment, polyssccharide
‘fﬁﬂ.ﬁ mg,: esh =, 89) wps welghed into = small bottle
|

'end potmesium ehloride (2.5 g.) and sodium periodate

' L
(2,2 ml,; spprox, ) edded., The volume wes made upto

10 m1, e&nd the oxidntion carried out et roon tan,erat?ro,

in diffused daylight, for 1¢Glhourt. A Paint brown, |

fedine, colour wee apparent after approximately °C hours,

! n
' stenderd sedium hydrexide {jog).

Glyeol (2 drops) was edded snd the soid titrated with

! mole, of foruie soid wae libersted from every

24 1% enhydroglucose residues, |
In ¢ repeat experiment, polyssecharide (87.2 nmg,)
w¥es tsken, together with potassiunm nhloride 0.5 g,)

|
and sodium periodete ‘% ml,.; 7) end the volume nede
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upto 20 =1, 2 nl..asmplti vere exrncted at intervels
end after the addition of glyeol, the neid present wep
| titrated with sodium hydroxide (?%6). This oxidation kae
earried ocut in the derk, R dPleank experiment, amitting.
the polyseccharide, wes run eorncurrently,

Sedium hydroxide = 0,040 ¥,

Puration of Alkell Fo,of residues
| exidetion, Titre, / wele,of formioe,
42 houre 11,2 nl, %, 02
% * 14,28 @1, 2,29
o6 " 1%, 20 =}, t. %
130 . 19.95 =}, 1. 7h
198 * 20,90 ml, T 1.82

176 " 21. 10 m1, 1.6

b) Estimation of the Uptake of Pericdete,

Polysaccharide (eapprox, 45 mg,) wes oxidised wikh
sodium pericdate (10 al.!‘gﬁ for varying lengths of tinme
in the dark end at room temperature, The excess periofate
vrs eetimated by the 2ddition of sgolid potassium ladiLt
end titretion of the liberated iodine with atendard

sodiunm ersenite (;%0.

Teight of Puration of Uptake in

| Polyssecheride Oxidation moles/0gH, .0,
AR, % mg, 17 houre 151
44,9 ng, 27 " | 1257 |
L4, 0 mg, s ® 1,54

" | The Bstimation of the Reducing Power,
| The redusing pover of thias polyssascharide hae

been estimated by oxidation with sodium hypoliodite,

using the method of Linderstrdm-leng snd Holter [4),
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(Polysaccharide (20=50 mg, ) wre dissolved in sodium
earbonate solution (10 =1,: 0,4 n) and hydroshlorie asid

If m1,1%.%4 n) sdded, giving s carbonste~bicerbonate
‘bhuffer of pH 10,6, Todine solution 7% w1,:%.1 n) wes ‘

'edded Pfrom e misroburette and the Plasks set sside |

|
in the dark for 2 predetermined length of time, * blamnk

(experiment was mede up execlly the seme execept for th

polysaseharide. After mcidifying with sulphuris aeid |

{2 n) the iodine was titreted with scdium thiosulphate {;%j.
| x

Feight of Puration of Yo,of residues
i?olysaceharide Oxidation /redueing group,
| 24,2 wg, 20 minutes 40
‘ 24,0 ng, 1 hour zx
| %3, % mg, 2 hours A8
0.6 ug, ! hour 23
| %1.6 mg, t hour he

 Aversge veluer 470 snhydregluccse residues per reducin& group,

‘?bc Extreetion of Semple II of Pungel Polysaaehnrido.\

An unripe fruit-boedy of Lycoperdon bovists, onlﬁeotcd
1ate in fugust 1948 in Lintom Parish, Roxburghshire,

"000 Z.) was peeled end ninced sand extracted with
|
‘potsssium hydroxide (1200 m1,; 307) on = eteem bath for

'3 hours, The so0lid residue wees filtered off on eloth |

end veshed with = 1ittle hot water, end the filtrate

| poured directly into 3 vnlunls ef ethenol, The
' precipitate wes sllowed to cottl- end the mother quunr

desanted, The solid was taken up into the minimum of |

weter,and re-presipitated in ethenol, This process
|
| was then repeated three times, using glecial scetis

| asid for the precipitation, The vhite, floecculent

| 30118 was separated on thepentrifuge end titursted wirh
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| vater and some s0lid {cpurity revoved om the sentrifuge.
The pure polysmecharide was obtained by precipitation
out of this sclutien by ethenel, dried by waahing on
the centrifuge vith sbsolute ethanol, and finelly

removel of the solvent in e vecuum desicsator, 2,635 g,

of &« fine vhite powder were obteired, Agh = 2,04,
[odo': + 722 (a=1.63 in 2,5 n FaOH)

. The Rete of Hydrolysis.

The rate of hydrolysis of this gecaond sauple of
fungel polyzeecharide with sulphuries acid ) wae eatimated
by pelarimetric observation, and found to be complete
in 5=%] hours et 100, Tale result is the same as that
found for the first ssmple of fungal polyssecharide,

The Oxidation hy the Periodate Ion,

8) The Eetineation of the FPoernic seid Libersted,

Polraacehnriﬁc {850,8 mg,) wos weighed into e
small bottle, potessium shloride (2.5 g,) sdded fol!oLod
by sodium pericdate solution 3 a\.S'%) and thcke!uao?t.a nade
upto 70 ml, The bottle was left in the darit at room |
| temperature, snd oscasionally sheken, Semples 72 ml,)
were removed at intervals, glyeol 72 drops) ndded, and
the noid titreted with sodilun hydroxide f;%a) using
' methyl red indiestor, & bDlank experiment, omitiing 4
| the polysascheride, wae rum sonsurrently,

The formio m2id libereted was egquivalent %o
2%.% m1, 0.9172 755 sodiun hydrexide, i,e. 1 mole, of
| formie is released pof 1+4% anhydroglucose residues,

b) The Estinmstion of the Uptake of Pericdate,

Polysaccharide 792 mg, ) ®was oxidised with acdluP
periodate 710 m1.;'%¢. Sanples were withdrawn at 1ntﬁr7:1.

and the ${odine 1liberated on the addition of solid
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potessium icdide titrated with standerd sodium ersenite

Curation of
Oxidation
26 houre

45 »

s M

99 .

Uptake in
Moles/OgH 004
1. 27
1.9
1. 42

‘lh'!‘
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DIgocuUssION

At the connencement of researech in this nevw f!oid
|of the naturelly occuring plant polyseccherides, an |

investigation was underteken into those conpounds occouring

in the fungus Lysoperdon Eavl-tn. A polysraecheride ha?
been extrected from the n;ripe fruld bediee of this |
fungus, which are, et this tice, white in colour and
downy to the toush, The interior of the puff-.dell

oonsists of 2 white spongy mass of tissue, the spores

noet having ae yet been Tormed,

The fruit bodics were dried and powdered, and t?roc
methods were tried for the-extreotion of the palyaneakarido.
'Both aguecus and dilute alkaline extrastior gave poor
‘yieldt of aarbohydrate neteriel, but on treatment of
the dried fungus with sotessium hydroxide in %04 squepus
| solution, a good yield of polyseccharide was obteined,
Bell 73) found that glysogen wes unsfPfeoted dy the
strong alkali; and as the rodaticns of the materiels |
extraoted by weter and potmssium hydroxide are 1dontlLa1
1t would appear that this polysmscharide, too, is not
 affected by the alkali,

The polyssesharide {8 a oreem coloured povder,
whioch gives en opslescent solution in water, dut e
elesr one in dilute ecdium hydroxide, The rotations
of the three semplee in this solvent very between
+3,4" gpd 5.0, The discrepency mey de nooribed to the
difficulity in odteining 2n-eceurete resding of the

| pelarimeter when the obeerved rotetion is so low, In |

equecus sclution the polysacoharide gives 2 stirong

red-brown eclourstion with fodine, whieh i=a ldcntiea#

with that given by glyaegen,
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The rate of hydrolysis hes been studied, and the

uninflested line obteined for insrense in [&an!th

|
time suggests thet the polyscecheride is homogeneous,

The seid hydrolyesates of the three semples hav%
been snelysed on the paper chromestogrem, The mgueous
extraot shows traces of ersbinose and zyloase, whieh
weuld not be detectrnble by epy other methed, snéd whioh
ere remcved by further precivpitetion; otherwise glusose
i2 the sole produst of hydrelysie,

The pelyseccharide has been oxidised on 2 semie
miore ceele with petessium pericdate, and the ecourse
of the liberation of formis aciéd observed, Im the rirri
experiment free icdine was relessed, whieh according
to Haloell, Hirst and Jomes ’5) will give 2 low velue
for the yleld of fernle ncid, The peaond experiment
vas cenrried out in the dark, apd the renction proceeded
norxally, The results show that vhen oxideticn i3 complete
the smount of forwle 22id thet has been relecced ia
equivalent to 1 =ole, per 1.61 anhydroglucose residuep,

On estimnting the uptske of periodate by the

polyenesharide, it wos Pfound that 1.7% moles, were

a9ngumed per residue,

These resualte wvould be ocbtained with two dlfrorrnt

types of polyssecharide strueture, The molecule ecan br

either highly branshed, somiaining e large proportion

0f end group, or aonposed of anhydroglucose residuees l

| 1inked in 2 wariety of ways,

The polyssasharide nust nontein some 1:6~ linkages,
us this type of linked residue is the only one that

ean give rise to fornie escid on periodate oxidation,




'greugs necessary for the liberation of formiec ecid,

| be expected in thies instenece, =5 the polycmocharide
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|
If the polysesceharide consisted solely of units

linked in this menner, 1 nole, of fornic eoid would bL

|
liberated per residue on oxidation with potnasium '
periodate, but se this is not the ense 1:17~, 113, or

114~ linkages must be present also, These linkages do

not slliow of the system of three.-contiguoues hydroxyl

The reducing power of this palraaeeharidi han
been estinnted by trestment with sodium hypoliedite in
¢ buffered solution et pH 10,6, The renctions were

earried out on p semi-mioro scale and s series cf

nedorately nonsistent reoulte were obtained, Allowing
for o meximum experimental error of 67(1 drop,0.04 ml,
in o titretion difference of 0,46% nl,) a value of |
38=42 anhydroglucose residues per reducing group

is obtained.

The upteke of iodine appears tc be independent pf
the time of oxidation, end we mey therefore ronnonubl%
conclude thet the reaetion is proceeding normally, nnh
that the value obteined ia = true one, The wide veriation
in the resultes mey bYe mitributed to the anmall guantities

of polysascharide uesed, The 1dethod is knewn teo de very

accurate for the estimetion of menograsharides (§) but

it is doubtful vhether & high degree of sccuraay onnj

itgelf reasts with iodine, giving s red-hrown ooleurﬁtioﬁ,'
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‘ A sesond aesmple of thils polyssacharide hes been
extracted from = fresh unripe fruit body of the funguL
by strong scuecus elkali, end on purificetion by
re-precipitation the rotetion wes found to be identicpl
with thet of the first semple, On ectinmeting the rate
of hydrelyeie with the came otrength of eeid end et the
ceme tempersture se¢ used for the first semple, e eimilar
result wes obteined, Hydrelyeie wes complete in % hours,
end glucoese wes the only suger detected in the neubralised
hydrolysete, using the peper chrometogrem, Prom the
tvo facte of low pesitive rotetion end difficulty eof
hydrelysiv, we mey oonelude that the enhydreglucose
residues are 1inked in the [3-configurstionm,

Periodate oxidation, both for the estinstion of:
the formic #91d relessged snd for the semsumption of
perisdete lon, havephown siuilar results to those
obtained from the Pfiret sawple of polysascharide, ¥e
may therefore conslude that these two samples, extraated
from different batehes of fungus whisch may heve grown
in econditions vary far frou identicel, have o siniler,

| 4f not the seme, molecular structure,
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SUNNARY

1) A polysamecharide hes been extracted from the unripe

fruit-bodies of the fungus Lycoperdon bovista, It is an

emorphous powder, having Ex]n-k5.0°in dilute alkeli,
It is completely hydrolysed by sulphurie acid (V) in

S hours et 190; In squeous solution, e colouration is
&!von with iodine which is identieal with that given
&y glyececgen,

2) Estimetion of the reduecing power by hypoiecdite
F:tdltton geve a value of 42 snhydrogluscse reasidues
Eor reducing greup.

%) Oxidetion by the pericdate iom indicated either =
very highly branshed structure for the polysaccharide,

or one conteining e proportion of 116~ linkages,



1)
2)
3)
4y
5)
€)
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EXPERIMENTAL

The Methylation Of The Pungal Polysrecheride,

It gave o positive YWolish resction, and therefore the|

This polyseccheride wes methyleted directly by

the thallium method, Polyescecheride [1.736 g,) was
dissolved in dilute sodium hydroxide (50 m1,:0.5 n) |

and thallous hydroxide 39 ml,.31%5 n) added, The hcavr
vhite precipitate of the polyseccharide~thalliun aeuﬁ}cx
wes separeted on the centrifuge, and, when tested, it;
wes found to be eppreciesdbly soluble in water, The o!c#r
liguer from the centrifuge was made 50¢ with reapect ko

ethanol, 2nd the resulting presipitate centrifuged,

two precipitates were combined, washed with ebesolute
ethanel on the centirifuge ond dried in 2 vacuum
desicoetor in the dark,

The somplex (6.37 g,) was gently refluxed with
methyl iodide /30 ml,) for 54 hours when the methyl

iodide was dietilled off under ntmospheric pressure,

leaving a bright yellow solid, This wes extrected
with boiling shloroform (4 times; 795 ml,) end e olan
pale yellow solution obtained after filtration,
Evaporation of the asclvent at 54715 mm, geve o pale
brown soldd 0,422 g,),

The yellow materisl from the methyletion was |

further extracted with hot weter (4 times: 75 ml,) and
the squeous extraats, after filtration, taken down to

drynese, leaving o pele brown frieble eolid (1.60 g, ),

The extrected, partly methylated pelyunaahnridq
(2,022 g,) in aqueous solution 760 ml,) was again |
treated with thallous hydroxide (7% m1,31.3 n), As nq

presipitate wes obteined the solution wes teken down %0
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| dryness st 49/15 mm, nnd the residusl solid dried with

ebsolute ethanol snd benzene, This solid, after pawdc#tn;,
ves trecsted with methyl fodide (A0 x1,) under reflux for
62 houres, The methyl iodide woe distilled and the yoilow
801id extrected with shloroform "4 times; 7% ml,). On
distillintion of the solvent, partially methyleted
polysnccharide (1.7% g, ) remelned, The yellow solid wpe
further extracted with hot methenol, when enother 9,2 g,

of partielly methylated compound was obtained, Feo

- partielly methyleted polysacoheride could be extracted

jrun the yellow solid by hot water,

|
These extrasts of partially nmethylated polyesccharide

(2,08 g,) were dissolved inm an egquiproportionsl

mizture of 2hgolute ethanol and benzene 100 m1,) end

thellium ethoxide (5 g,) edded slowly with sheking,
The solution wes eveporsted to drynese, ond the resulting
dark brown solid povdered and refluxed with methyl

fodide 50 ml,) for 70 hours, The methyl iodide was
distilled end the pertislly methylated polyssccheride
extraocted ag before with hot chleroform, when 1,97 g.:
were resovered, !

Thies extreet was trested under reflux with mcth?l
|
i

spprecieble gquentity of the selid did not go inte |

fodide 40 ml,) containing a little mcetone., An

solution, snd this wes filtered off and dried in o

| of gilver oxide (1% g.) end 1golnted in the usual

| veouum desiecetor (1,42 g,), That portion of the “’“’?“”d

wvhich wvaes in solution in the methyl iodide~-scetone

mixture vee methyleted over 1% hours by the addition

manner (0,51 g,)

The remeinder of the partially methylated
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polysscoharide wes given o further trestment with
' thallium ethoxide in ethenol-benzene solution as

above, After refluxing with methyl lodide ‘40 nl,) for

| 60 hours the product was resovered by extrasction in

shloroform '1.%% g, )., It wes found to be insoludle in|

' hot methanol, snd in pure methyl lodide, It was therefore

taken up into the minimum of shloroform 7 ml,) end |

‘nothyl iodide added until a precipitate just eppeared, (50 m))
Isilvor oxide 70 g.) was sdded et intervals while the

mixtare waes refluxed for °4 hours. The pertially ‘

! <
methyleted compound was recovereé by extrsetion eof ‘

the residue with hot chloroform, '1.34 g.).
- This material, together with thet whieh had

previcusly been trested with Purdie's reagents, were

aonbined in chloroferm solution, centrifuged to remove
some solid matter, 2nd the solvent evaporated at 157/ 15ms,
leawing a brown solid of wexy epoenrence [1.79 z.).

This was purified by extrastion of the inmpurities in

beiling 1ight petroleum "20° ), when a readily friable,
pale buff coloured solid remeined (1.7% g, OMe = 30.04),
Thias inecompletely methylated polysescharide, which
was stil1l inseludble in pure methyl iocdide, was c:tralred
Itith boiling acetone, in whish it was only partially
soluble, The insoluble portion, when dried, had OMe = 42,29

Praction I 70,491 g,).

The s01id extracted in the scetone was given twp
| eonsecutive treatments with Purdie's resgents, then
purified by extraction with 1ight petroleum as before,
and had OMe = 41,04, Preotiomn IT (0,282 g ),

Sinoce the egh contents of these two frastions

were 8¢ low as te have no effect on the methoxyl values,



i
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they were re-methylated by Purdie's method, Preotion |1

was firet treated with shloroform (2 ml,) giving o thiok
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syrup to which methyl fodide was added’ 30 =1,), rollo%cd

by ailver oxide 5 g,) added at intervels during the

24 houre refluxing., Fremstion II was trested in pure
methyl fodide 720 nl,) in wshiech 1% wes completely

soluble, Feoch semple was given » total of five methylotions

by this method, after the freotionstion by scetone,
Frastion T remeined sluoest inseluble in pure methyl
iodide. They vere finally purified e2 before by extrastion
with boiling petroleum 74057 ), and hed the following
nethoxyl comtentst

Praetion I 0,62 g, OMe = 42,74

Prastion II 0,25 g, OMe = 41,04

The Methylation of the Second Sample of Fungal Polysaccheride
i

In this instence ths method employed was dirent
treatanent of the polysemecharide with sedium hydroxide

end dimethyl sulphate in an atmosphere of nitrogen,

Pelyanocharide "7s” z,) wes dissolved in agueou
sodium hydroxide (100 ml,3 %01) end nitrogen passed
into the vigorously stirred solution vhile dimethyl
sulpnhate (25 ml1,) wes added deopwise during 3% hours,
The temperature was meintained at 40° by means of an
externrl water beth, The stirring wes eontinued for
6 hours, when further aqueocus sodiuw hydroxide(ds nl,)
was sdded, followed hy dimethyl sulphate (2% nl,), In
211, seven such treatments were given with these
quantities of reagents and in the inne flask,

After the seventh methylstion the prritially

methyleted polysmosheride separsted from the solution

| a8 an snorphous precipitate, The alkell was neutra!iarﬂ
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with sulphurie aeid (309) snd the precipiteted sodium

sulphete wae filtered and thoroughly extrrated with

hot ohloroforn, The neutreal f{ltrete was eveporated to

|
dryneses at 40 /1% mn, end the residusl soliéd dried with

absolute ethenol snd benzene, snd then eztracted with
het shloroform, The chloreform extraots were cooled t#
deposit sodium methyl sulphate, filtered, and eveporeted
to dryness, leaving » frieble solid (2.40 g,)

This meterinl whioh was insoludble in methyl iod?dl
¥as extraoted with boiling mcetone, in which it wee u%ly
partielly asoluble, ! frezotionstion vas thus sehieved on
the same baslis re for the firet cemple of polysscoharide,

Fraction Y Acetone insoluble 1.751 g, OMe = 30,14

Fraction 7 Afeetone soluble Ds620 g, OMe = %5.01

Each fraoction was given three consecutive troat%enta
with Purdie’'s reagents. Prastion Y wes first trlnlfarLcd
into & thiek syrup by the addition of ehloroform [2~3 ml,)
followed by methyl iodide (30-75 ml,) until prlnipitahlon

just occcured, Frection Z was s0luble in pure methyl

' iodide, The compounds were recovered from the methylation

mnixture in the vsusl =menner,

Prection Y 1.772 g. OMe = 40,74

Praction 2 0,494 g, OMe = 41,14

2 further three treatments with methyl iocdide
end silver oxide were given to cnch Frastion and undc;
the seme 2onditions o8 the adove,

Preotion Y 1.7°4 g, NMe = 41,04

FPraotion 2 0427 g2 OMe = h1,51,

The Deterzineticon of the Rotetionse e¢f these Samples

of YMethylated Polysnecheride,

e) Semple I Fraotion I (fcetone insoluble) |

B&L 2 =0,3° (g = 1429 in ehloroform)
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Praction II ( Acetone soluble)

[dﬂp = +3%,8 (g = 1,6 in chloreform)
b) Sample II Prection Y (Acetone insoluble)
[=], = =34" fe = 1.7 in chlereform)

Freetion Z (lcetone soluble)

DX]D = +17.7 o = 2.6 in chloroform)
Bemple II wes re-frectionsted with boiling ecetone
end the extrants taken to dryness to give Fraction Z,,

the residue being dried in a vecuum desiccator, Prastion ¥,

Repeated Determination of the Rotation,

Sample 11 Fraction ¥,
[@QD = =%5,2° (g = 1,°% in ehloreforn)
Fraetion 2,

Bx]n = 14,1’ (g = 1,36 in shloreforn)

The Determination of the Moleouler Welights by Tiscosity,

|
|
| A elosed OCstvald’'s viscometer wes used, and the

fdotorninntlona were earried out in a2 thermostat bath

‘et 200 A 29 solution in chleroform wes employed,

| w S

vhere ¢ = time of flew of solution, in seconds,

end %,% time of flow of solvent, in sesonds.

77.’ i3 known as the Specifie Tiscosity,
|

| Bample I Precstion 1 'ﬂ.’ = 0,288
Prastion IT T},, = 0,269
Sample IT1 Praotion Y, Megp = 0,838
Praction Z, Ngp = 0,597

The mo'eaular weight of Laminarin has Dbeen

|

|

‘Thc Determination of the Oomstent ¥, for a Chloroform Solution,
idetnruined by wiseosity measurements in m-eresol solution 1)

using the constant Xy = 107" for moleoules of weighte

|
between 1,000 and 20,000, in the Steudinger equation:
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‘ vhere 0 = gram molea, per litre
and ¥ = nolecular weight of the methyleted compound,
. Por = 29 ehloroforn solution of trimethyl leminerin
lﬂ.p = 0,261, snd the molecular weight of trimethyl

leaminarin is known (1) to be 3120, Substituting in the

equrtion ebove, we obtain the constant ¥, for a '.1..T1.

.'f this megni tudes

f.84 % 19-’4 |

| Using this constant we obtain the fellowing velues
for the molecular weights of the frections of fungel
polysaccharide,

' B8emple I  Praction I 2,279 or 14 enhydregluccse residues .
|

Frastion II 2,560 or 16 " | =
Semple II Frasetion Y, 95,1.0 or 31 s "
Frastion Z, 5,700 op 35 . s

jTho Hydrolysis of Sanmple I of ¥ethylated ?olrsaoahnrtLo.

| 1) Prection I "610 ng,) was treated under reflux

with methenolie hydrogen ohloride 760 ml,; 5.7¢) in

|
' whieh it wes insoluble, for 27 houre, The concentration

of hydrogen chloride wes mainteined a2t mpyproximately |
‘5@ by the =ddition, at intervale, of a 70¢ gelution,
The hydrolysate was centrifuged to remove the large
guantity of inseluble materisl (Praction Is) and the
-uporné?t 1iquor neutralised and evaporated to leave
| e syrup 344 mg,, Preaction Ib), Examinstion of Fracticp ID
on e paper chrometogran showed it to contein o large
proportion of unhydrolysed materinl, end three sugers

| of Rg values 0,82 0,654 and 0,517,

2oth Practions Ie and Ib were combined snd Purther

 hydrolysed with formie seid 730 wl,:309) in whish Is was
. |



. The pure asgrup of redueing sugars {Prastion A, 510 ng,)

| following Rg valuest &) 1.90, b) 0,885, ) 0,779,

112 |
i
jmmedietely soluble, =t 100", until the rotation boe{ne
congtent, Three hours heating wae found to be oufficient,
The bullk of the formie ncid wasdistilled off at id?1§ nm,
end the remsining aoid removed by the econtinual uddidiea
end distillation of water, The syrup wes finelly dried
by the sddition of absolute ethancl eand benvene, followed
by the distilletion of the solventa,

Examination on the paper ochromatogram showed the

syrup to be contaminated with inorganie ions, which were
removed by tresting sn squeous solution of the ayrup

with "Anberlite” ion exohange resins IR 100 and IR 4B,

wag obtained on eveporation of the weter and drying with
ebsolute ethanoel and benzene, Praotion A wes found, hy
exsminetion on the psper ochromatogrem, to ocontein five

different methyleted derivatives of glucose having the

d) 0,658, o) 0,34,

2) Prection II /740 mg,) was treated in exastly the
game way as Fraction I, It was found to be incompletely
bydrol}ocd by methanelie hydrogen chloride and wes
therefore hydrolysed directly to the free sugare by l
formiec scid /90¢), Six hours heating at 109" was necedsary

before the rotation becane consteant, The formie acid was

renoved as before, end after finel purificetion with

fon exchange resins, » syrup (FPraction 8, 3200 mg,) |
was Obtained, This wes shown 1o contain five ucthylnéed
derivetives of gluccse heving the same Ry values 2s
those in Fraction A,

|
The Hydrolyeis of Semple II of Hethylated Polrﬁsechaﬁidc.

. |
Fraction Y, (1.734 g,) was hydrelysed direotly |
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with formio soid (120 ml,; 909) st 100° until the rotedion
beceame oonstent (3 hours), The soild ves removed as ,rlviOucly
end sfter purificetion with ifon exchenge Pesing, o f
eelourless syrup was obtained (Praetion @, 1.°7 g, ).

Fresction 7, wag trested exnctly similerly to give
Prastion D 7351 mg, ).
Fractions 0 end D were found, by guslitetive

analyels on the paper chromatogram, te eoomtain the same

five methylated derivatives of glueccose 2¢ had been roTud
in Frectione A and B, |

The Seperation of these Blucose Derivaetives by Pur%ithn

| Chrometogrephy on e Column of Powdered Celluloae, ‘

The teshnique end spperstus used nre exsatly noi
desoribed for the separation of the trimethyl and toth-cthrl
Iooapcnontl of the mixture of nmethylated fructoses othinoa

on hydrolysis of trimethyl inulin, asnd desoribed in
Part I of this thesis (Page 3977).
Prastion 0 (1.77 g.) was separated imto its

components dby pertition chrometegraphy on the selliulope

' eolumn, using, as solvent, a mizture of light petroleunm
(400=120°, 701), n~butanol (304) saturated with tntorl

The conternts of those tubes containing the sane
sugers were combined and evaperated, and the syrup so
obteined wes purified free from grease by the oxtrant}on
;Of the sugar in hot water followed by the addition of e
1ittle "Filter Oell On eveporstion of the filtered
solution a chromatographically pure seunple of each aufar

wes obtained, whiech wes estimated grevimetrieally, |
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Tetremethyl (eryetelline) 26.0 mg, OMe = 46,01 Rg = 1,
Trimethyl I syrup) 528,8% mg, OMe = 38,94 Rg = 0,
Trimethyl II{erystalline) 162.,6 mg, OMe = 73,%¢ Ry = O,
Dimethyl I (syrup) 15642 mg, OMe = 25,94 Rg = 0,
Dimethyl II lsyrup) 274.0 mg, ONe = 29,61 Ry = Dy
Recovery 1157.6 wg.
= 91,04,

Teight of suger in esch Freoticn (cerrected by

nmethexyl velues),

Tetramethyl 7%.4 ag, eor T 14
Trimethyl I 490,0 mg, or LE, 27
Trimethyl II 128,00 mg, or 12,04
Dinethyl I 139.4 mg, or 12484
Pimethyl IT 220,C mg, or §0, 8¢

The Quentitative Estimetion of these Components by the

ol

855
773
658
240

Paper Chromatogzram Methed,

The method used was & modification of that due
to Hiret, Hough send Jomes “?), The whole of each franr
A, B ond D was disesoelved in a 1little weter, and this
solution spotted on to the guantitative chromatogranm

using the butenol~ethenol-water solivent, The absolute

ion

weightes of the various derivatives were mnot calcuintot,

but the uptake of iodine by each component wass used ¢
give an estinmate of the relative proportions of the
five derivatives present, taking the tetramethyl
gonponent sg 1.00,
The sodium thiosulphete used wves approx, ;%5
A = The titration difference between a sugar
strip from the ohromatogram and a paper blank of

identical 2ize,




Frectien A,

Tetreamethy?l

rinethyl 1
rimethyl II

rlothyl I

> p b D D

T
T
P
nlachyI 11

An sverage of

Tetremethyl
Trimethyl I
Trimethyl IT
Divethyl I
Dimethyl II
Froction O

Tetremethyl
Trimethyl I
Trimethyl 11
Pimethyl I

Dimethyl IT

Prootion D

Tetramethyl
Trimethyl I
Trimethyl 11
Dimethyl 1
Dimethyl 1II
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= 0,285 ml, = 1,00
= .46 m1, = 6,%8
= 0,5, w1, = 2,34
= 0,48 m1, = 1,98
=m 0,48 ml, = 2,08

three cstimations on

gave Lthe following veluea:

7. 04
A0, 0¢
18, 3%
0,84

16,4 19

Te 9%
he, 61
12, B
11, 8¢

29. 74

10,04
4o, 64
23,09

8, 59

?ao oq

4

Te7%
= 43,84
m 17,04
= 1h,2¢

15. 1%

Frecticen (2)

fr aversge of three estinations geves

An sversge of three estimaticns gave:?

The identifleation of the Methylated Sugare,

a) The tetramethyl fraction isolated form the pape

eolumn wes rearystallised from light petroleum 480,

The long eolourless needles hed m,», 97, snd a mixed

|
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‘melting point with en euthentic sample of 231334i16~tetremethyl

glucose was unchanged,

'Anilide Pormation,

|
| The tetramethyl sugar (66,0 mg,) wes treated

|

|under reflux at 20 with Preshly digstilled eniline
{1 mele.; 23 mg,) in ethanelic solution (5 ml,) for

' % hours, The solvent wes removed in =2 vecuum desiccastor

Iand the enllide reerystallised from light petreleum,
|After two recrystallisctions it hed m.p. 134-5 s i
imlxed melting point with an esuthentic semple of

i2:334:6—tetramothy1 glucose enilide wes unchanged,

i b) Trimethy! I, ;

Oxidetion with Periodic aeid,(3).

I The trimethyl suger (30,0 mg,) wes dissolved in

‘weter (2 ml,) end sodium bicerbenete (2ml, of F) added,

followed by periocdic seid (2 ml, of 0.3M), The solutiens
' were mixed and allowed to stand et room temperature feor

1% to 2 hours, Hydrochlorie ecid (3 ml,of N) and sodium

arsenite 2 ml,of N) were sdded, and when the precipitate

and iodine colcur hed completely disappeared sodium

acetete (2 ml of ¥) eand dimedone reagent ‘1 ml,of a solution
containing 85 mg,/ml, of 957 ethenolic solution) were

edded., A fine precipitete eppenred immedietely and thL
‘mixture was sllowed to stand overnight a2t room temperature

to complete the precipitation, A control experiment,

using pure glucose, wae rum concurrently., The precipitated

dimedone-~formaldehyde complex was filiered on a tared

' gooech crucidble, dried for 30 minutes and weighed.

The control gave a 479 yield of formaldehyde,

| while the test exneriment gave a yield of 67 of the theoretical,
| |
| |
| |
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Optioel Behaviour in Hethenolie Hydrogen Ohloride,

Trimethyl T (8,2 mg,) wne dissolved in uothnnoﬂ!e
| hydrogen shloride (0,95 ml,; 2,09) end the rotetion

| obgerved at hourly interveala,

Over 74 houre quffeti from +7%,7 %0 +71,0,

Anilide Pormation,

Trimethyl I (196 mg.) in ethanolio solution "6 ml,)

| was refluxed for % hours at %9 with Preshly distilled

eniline (42,4 mg,). Jome insoludble impurities were

removed by Pfiltreotion nnd the solvent evaporated in =z

veouum desisoator, The arystesls Obtasined were reorystallised

| from ether-petroleum ether, m,p, 1473

Pound: 0, 40,9; H, 7,6; N, 4,6; OMe 31,99,

Gala, for O,xHauO.N: 0, 60,65 H, 7.8; W, 4.7; OMe 31,3,

e) Trimethyl IT,

This frastion wes recrystellised frou 2 mizture
of ether~petroleunm ether when fine vhite needles vere
obtained, m,p. 102=5] Miged welting point with suthentie
oshibmtrimethyl glusose: 174,

The reorystallised sugar (6.6 ng,) dissclved in
water 514,46 mg,) wos exanined st intervels on the
polarimeter, Ex]:+4cu°fsnzt1-1), +7%.5 [constent in 19 hours)

Dxidetion with Periodie Reld,

Using the method me desoribed adbove, 70,6 mg, of
this suger gave mo precipitete of s dimedone~formaldehyde
| eomplex,

| Anilide Pormation,

The reerystellised suger 7192 mg,) in sbsolute
. ethanolie solution "3 ml,) wes heated under reflux for
' % hours at %0 with redistilled eniline 2 moles,; 18 mg.),

The selvent wes removed in & vacuur desiceator end the
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needles resrystellised three tises from other 11t
petroleun, un, p, 15&-6:
; Tehyi~trimethyl glueocse anilide ves prepered E
' om » somevhat lmger somle 120 mg, ), Prom the euthentioe
sugar, using 2 moles, 0f eniline m2 above, After olx
rearystallisetions, =, p, '6t-ﬁ; sived melting peiai
with the ebove sanmple prepared from the palyaaithnr&dL
hydrolyestes 176~7,
l [Uqfﬁifh.ﬁoflnitlnl}, +40,4° Laonstant 26 heura)
2 = 1,04 An methanol,
Founds O, 52.%; H, 7.7%9; W, 4,79; OMe 27,09,
Oale, for 0 ,H.,0 We 0, 60,6; H, 7.9; ¥, 4,73 OMe %1, %4,

X-ray Powder Photograph,

The prints of X-.ray powder photogreph negetives
glven by Trisethyl 1T and sn suthentie sample of
2eheb~trimethyl glusose are shown, It is evident that

. the linee on both the photogrephs sorrespond, and

therefore the two samples are assumed to be identienl,

i |
R '

‘ frhib-trimethyl glusose
|

BT | D

"Trimethyl 1"

d) Dimethyl 1,

Oxidstion with Pericdis Aesid,

Uging the same nethod mas wes desorided for the

exidetion of Trimethyl I, "4.4 mg, of thie dimethyl
| | .
 suger gave o 419 yield of formeldehyde ns estimeted by
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the diwedon sonmplex,

Optienl Behoviour in Methanolie Hydrogen Chlorlde,

Dimethyl 1 @0.9 mg, ) was dissolved in methanoll&
|

7 & 4 |
[] " +43,9° (inttiel), +66,7 (constant 12 heurs),

hydregen ehloride (0,6 m1l,: 2.09) and the rotstion

observed a2t hourly intervels,

i
The Preperation of the Amide,

Dimethyl I(f0 mg,) was dissolved in water ‘7 ml,)
'excese brouine ‘9 ml,) sdded, snd the wixture allowed to

stand at roem tenperature, with ceonsionel sheking,

' for %] days., The bromnine was removed by seration and
'the solution neutrslised with ailver sarbonete, n!lve#
fons in the solution being removed 28 the sulphide, i
On evaporstion of the weter at 40715 mm, a syrup ronakncd
| whieh woe dried with sbsolute ethenol snd benzene, and
taken up in methenol seturated with sumonie 7195 ml,)

and 21lowed to stend a2t O for 5 deye, The sclvent was

distilled under diminished pressure and the residuel

|
syrup extracted with ether-light petroleunm, On removel
' of this solvent s visecous syrup remeined (66 mg,)

Veermen Resetion {4),

The emide 20,6 mg,) wes dissolved in water (0,2 ml,)
end sodium hypochlorite solution (0,4 ml,) edded, The
' mixture was sllowed to stend st O0° for 3 houre, 8iz
drops of s saturated solution of sodium thiosulphete ;trc
' sdded snd the esolution setureted with sodium scetate,
 filtered, snd the flask end filter washed out with

e satursted solution of semiserbazide hydrochloride (2 ml,)

The mixture ves ellowed to stend evernight ot o te i

| eomplete the precipitation, #& control experiment on

glusonemide wes run eonsurrently, using 26,3 ug,
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The sontrol geve 7.4 mg, of hydrazodiserbonsumide,

- The snide under investigsation geve =» negntive resetion,

The Eestimation of the Uptake of Periocdate Ion,

Dimethyl I (20,2 mg,) wae dissolved in water
W
1.5 ml,) =2nd sodium metepericdate solution "2 ml,: T)
added and the mixture allowed to stand et room tempercture

gor 11 hours, Jolid sodium bicarbonste end potessium

iodide were edded and the 1lidersted 1odine titrated |
#ith sisnderd godium arsenite,
Sediun arsenite = 0,928 i%
The pvericdate upteke wes 0,49 moles, per ﬂg316d6
The estimestion was repested using 1%, 1 mg, suger
end ellowing 49 hours for the resotion to go %o aoupfctton.
The pericdate upteke was then 0,75 moles, per 0351605'

¢) Dimethyl 11,

Cxidetion with Pericdie Reid,

The resotion was carried out exsntly ss for the
other partially methyleted monosnecherides, 7.9 ng, of
thie suger gove & 499 yield of formeldehyde estimated
by the dimedone oomplex,

Opticel Dehavicur in ¥ethanolis Hydresea Chloride,

Dimethyl II (8,0 mg.) was dissolved in methanolie

' hydrogen chloride (0.% nl,; 2.91) and the rotation

. observed at hourly intervals,

1§ (=4 o |
Dxl: + 57.% (initial),+37.% {constant 12 hours),

The Preparation of the Anide, !

The emide wan prepared exsetly ss for "Dinethyl IV
Dimethyl 11 7196 mg,) was oxidised with excess dromine
to the dimethy! gluconic =201é, which weg teken up intpo
methanol setursted with rpmonis sand allowed Lo react

et O for 5 deys, The emide was obtained as & viscous
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eyrup (90,0 mg,.) on distillntion of the selvent, ﬁ

Weerman Resntion,

|
|
The syrupy mmide 725.7 mg,) gave o 7.5¢ yleld of

hydrerodicerbonsmide, A contrel test om gluconomide |
(26,7 wg,) gave » 507 yieléd of thie compeund, |

| The Fotimstion of the Uptrke of Pericéete Iom,

This wes rum simulteneously with the cotimstion

Con"Dimethy? IV Dimethy) TI (24,4 wmg,) was ¢issolved in

[}
water (1,% »1,) end scdium periodate (2 21,; ) edded

- and the resotion 21llowed to preceed far 11 hours, afﬁcl

|
ide

|

vhieh time e01id sodium bisarbonate and potessium 1od

| were ndded and the liberated iodine titrated with |

standard sodium arsenite 0,926 ,%). ‘
The periodate uptoke wnag 2.79 noles, ner 03“160%
This sstination meg resented using 1%.9 mg. suger
end allowing %% hours for the resotion,
The uptake waa then 1,77 moles, per 0331606'

Estination of the Amount of Demethylation Osused by

| Subjenting 21%1h=4rimethyl glucose Lo the Hydrolytie |

Procedure as used for the Methyleted Polyosceharide,

21 33h~trimethyl glucose (Trimethyl I, 77.5 mg,)
was hented with formie enid 7T ml,; ¢04) on » bailin;é

weter beth under reflux fer 4 houre, The ecid wnas reu+¢d

' in ¢ veouum desiccator snd the residusl syrup taken ab

in ¢ 1tttle weter 2né the sclution exemined om the pab‘r
chromntogrern, Fo dimethyl compounde were detected, bui
sanother derivetive had been Porwed giving a spot of

Ry velue 0,96, On henting the slightly acidie aqucousi
golution on » boiling water bath for ? hours end agnih
running 2 quelitetive paper chromatogrem, this spot nro

no longer spperent, Again neo dimethyl ecompounds eould

be detented,
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} DISOUSSION
|
‘ The polysmocheride extreoted from the firet sample

of Lycoperdon boviats was methylated by four trestmenths

| ef the thallium sonplex with methyl todide, This is o
:uothad which has been found to be particulsrly effeotive
| for the primery methylation of somplex polysecchearides (5)
Igiving e pertielly methylested compound soludble in methyl
!iodtde 80 thet the methylation ean be completed by
Purdie'es method, In the present work the partielly
methylated compound wes found to de insoluble in pure
methyl iedide, but was frectionated into twe portioms
depending on solubility in hot manetone, That fresction
| which wes soludle in mcetone wes s1so found to be solpble
in pure methyl lodide end its methylation then proceefed
noermeldy, Thet fraction whish was insoluble in looton;
wee insoluble in pure meshyl iodide end its further
methylstion was carried out by the addition of silver
oxide to the solution in methyl iodide-chloroforn,
Five consecutive treatments with Purdie's rl.g.?tl
| falled to roige the methoxyl eontents of either of
| these fractions froa 42.2¢ for the insoluble portion |
‘Preection I); end 31,97 for the soluble portien ‘Prastion 1),
It 19 not elesr why Fraction I should remain insoeludle
while Preection II is soluble, 2s it has the higher
Imctho:yl content and visoeity messurenents show it to
Ibo spparently the emeller molecule, It is olear thet L
seperation of at least two components has been ashic ved
by this extrsetion with hot scetone, Frection I havlah

. . |
e negrtive rotation "~9,%) while that of Fresetion II

' ie positive /+22,0),

Thet polyssscharide which was obteined by the
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|

extraetion of the second senple of Lysoperdon boviasts

| wees methyleted firatly by trestment with dimethyl sulphete
|

in streng sodium hydroxide solution, and im en ntuoup}ere
of nitrogen, Seven sonsecutive treatments with double
quantities of resgents were given in the seme flask, in
order to cut down losses t0 » minimum; only ene extrection

of partislly methylated polyssecharide from sodiun
sulphate wes then necessary, After the seventh trestment
the partielly nethyleted compound seperated from the
#olution re an emorphous precipitate,

This partinlly methyloated polyssccharide wos
separsted into two porticons an previously, by extresetion
with boiling roetone, and the methylation continued i
by Purdie's method, FPraetion I, being insoludle in
pure methyl fcdide, wns methylated in 2 solution sontaeining

2 1ittle chloroferm, Two sets of three treatmenis were

. given, the seoond series feiling to reise the notho:%l
|

content shove that stitrnined after the firet series,

It wae clenr in this instance alsc that n separation

. hed been effected by the mcetone extrsection, though ﬁho

rotetions of the two Frections were numericslly auul{or
than the corresponding Frections of the first semple

of methyleted polysesocheride, SJoth Freetions were i

re~extrasted with scetone to test the possibdility that
the frectionetion wes incomplete, butl the rotations

remeined the seme, It ig poseible that the difference
|

in rotetions belween the two samples ia due to o nmn}ler

degree of degradetion in the second sanplg methylated
in an inert atmosphere,

By comperison of the specifiec vigosities of ;

trimethyl laminerin in m-cresol and ohloroform solutions,
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 Freoticns of polyseecharide which were methylated in en

| eomperigon of the molecular weights, Those of the

124 i
the value of the eonstent ¥, in the Stoudinger cquatl#n
ﬂsl = FuM for = ehloroform solution hes been obtain}d.
Using this velue (Ky = 8,84 X 104) it has been poaaifbla
to make sn catinate of the molecular weights of the

four Frections of polyssccharide from » knowledge of

the specific visecpitien of the methylated Freactions

I
|
|
The possibility mentioned above, thet the twe
|
etnosphere of nitrogen eore less degraded than those

nethyleted by the thallium method, e borne out bye

Frectione methyleted by the latter method being
epproxinately half of those methylated by Haworth'e
methed, ‘
It wee found that the two Practions of sewple T
of methylated polyseccheride vere only prertislly hydreolyoed
by trestment with boliling %Y wmethenelio hydrogen chloride
for °8 hours. The incompletely hydrolysed materiel

ves recovered snd wes subjeoted to further hydrolysis

by 204 Pormie eocid at 100" until & aeomstent retstion
|
wae Obteined, three hours being necessery in each osase,

The syrups of free sugers from esch FPrastion were

'purified from contaminating inorganiec ione by trestment

 of the esqueous solutions with "Amberlite” ion oxahangr

resins, On snalysing emch ayrup on the peper shromatogram

 Pive different methyleted derivatives of glucose were

' detected,

|
By somperison of the Ry velues determined for
|

these sugnars with thoee given by Hirst, Hough end

' Jonesld) we ocan tentetively identify tetremethy! QIHGLIC
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and 2t4i16-trimethyl glucose, but the identity of the
remaining three compounds ie uncertrin,

The two Frectionsof sample II of methylated polysascharide
were hydrolysed directly to the free sugars by treatment
with 909 formic meid »t 170 until the rotstion reached
an equilibrium, Three hours hesting wes reguired for
each Frection, The five different methylated sugers
:uhieh hed been detected in the hydrolysetes of semple I
' were found to be present in these two hydrolysatecs
_of semple II,

These partially methylated derivetives of glucose
were separsted by partition chromatography on a column
of powdered celluleose, using as solvent 2 mixture of
light petroleum (100-120] 704) n-butanel (304) saturated
with weter., The apparatus and teshnigue used are exactly
as deseribed in Part I of this thesis ‘Page ?°), The
components of Praction ¢ (hydrolysed sanmple II, Fraetion I)
were separated by this method and the individusl augefa
estimated gravimetrically, *fter allowing for the
impurity of each component as estimated by the methoxyl
sontent, the percentsge composition of the hydrolysate
weg caleulated,

The percentage compositions of the remsining
' three Fractions were estimated by the paper chromatogranm
‘method of Hirst, Hough and Jones (6).

In » congideration of these quantitetive data

two point srise which are worthy of comment, In e
IcOmpariuon of the proportions of tetramethyl to dimethyl
sugar it is spparent that far more of the latter ie
present than can be esccounted for on theoretical

sonsiderations, In a branched polysaccharide the
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proportion of dimethyl to tetrsmethyl suger lsolated
efter methyletion snd hydrolyels enn never exceed =
111 relationship, One non-reducing end group i,e, =
fully methylated suger, would be 1solated from every ﬁrnneh
of 2 complex polysncnharide; and every point of brenching
vill give rise to & dimethyl compound, Thus, in a
moleocule aonslsting of o single dransh from e main
shein, the ratio of dimethy)l to tetramethyl osuger ail#
bde 112, and this rstlo will tend towards the meximum
value of 1! 23 the compliaity of the polyssccharide i
inererses, !

That the lerge quantity of dimethy) sugar isolnlcd
in the present work is due %o the under methylation ot
the polysescharide, can be shown 1¢ the methoxy! eontrat
of » pertially methylated polysaseheride having the
given conatitutions s saleulsted, Summing the proportions

extimated of the methoxyl valueg feor the tetramethyl,

trimethyl and dimethyl anhydrogluccses we obtain T

saleulnted values whish sonpere favorsdly with those
values found by experiment, _
Thue Trastion I sontainer 7.%7 tetramethyl ;1u§ooo
66.%1 trimethyl gluco;o
2%.97 dizmethyl gzlusocse
end the methoxyl sontent of sush = mizture, saleoulated
on the anhydre sugars, is 42,57, The methoxyl comtent

deternined experiments1ly is 42,21, |

Similerlyt Preotion II Oele, 42,9¢ PFound 721,07
Praction Y Cele, 41.2¢ Pound 41,09

Freotion 2 Oale, 42,9¢ Pound 41,%¢

The seeccnd peint whieh ig worthy of mention 1o

thet in those twe Prections of negetive rotetion the|
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| quentity of "Trimethyl I {s 7-~"4 higher then in those
Praotions of positive rotstion, This might only de th}
result of shence, eonsidering the lmrge smount of under
methylation, but on the other hand 1t may be taken,
together with the 2ifPfering sign of rotation, te indinaste
the precence of two polyssocharides havimg very ltnllhr
strustures, |

That somponent of Ry value 1,00 was confirmed tp
be 21512 16-tetranethyl glusepyrencae by the pregnrntl#n
of the anilide, After two reeryotellicstions it had ?
m,p, 174~%. and s mixed melting point with an authaut*c
speoclmen was unchanged,

From the tadle of Ry welues pudlished by Hirst,
Hough snd Jones (6) it wes thought possidle thet
"Trimethyl I" might bDe the 21716~ igomer, however as
no inversion of rotation took plase in 291 methanslis

hydrogen shloride thias aould not be the nsase, snd position

84 must be Dloocked, This Praetion readily gave an enilide

of meliing point 122~%  garresponding te ?a%témtriuetyyl

|
|¢1uaelo arilide, On estimating, by the dimedone aonpl?:,

| the yleld of formsldehyde odtained on periodate oxtda*loa

ia sontrol semple of glucose zave s A7Y yield while thet
| ebtained from the suger under investigestion was 57 of

the theorcotioel, It hao recently been pointesd out fT)l

however, thet the yleld of formeldeshyde from 2:2i1i~trimethyl

glucvee under these conditions of oxidetion fells very

far short of the theoretiecsl, |

This sugar has been proved not to be the 9:?:6-‘
f{gomer, snd from the Pact thet 5rdsb-trimethyl g!uoo-r
is said not te give en enilide vhich night be obtutnor

erystslline(®), end the melting point of the arilide




128 !
prepared corresponds to that given for 2t%!#~tr&ncthyh
glucose nnilide, 1t may be coneluded thet "Trimethyl 1"
s 295 14—trimethyl glusose,

“Trimethyl II" was reerystalliced from » mixture
|

‘of dry ether end light petroleum when it showed [aqn %T?.ga
in water (constant in 12 hours), The erystels had m,p, 1°%-5°
end & nixed melting point with o sample of suthentie :
}214i6~tr1uethyl glucese was unechanged, i

i Fo trece of o precipltete of the formsldehyde-
!ﬁluodcnc complex wes observed sfter periodic soid oxihation
of & semple of this sugar, Fosition Oy must, therefors,

be cacupied by » methoxyl group, ;

The anilide was prepered and sfter three rcarya#a!li-ntlona

from an ether-petroleum ether mixture i1t hed m,p, 15&?6:

A mizxed melting point with enputhentie spesimen of |

}2:*16~trlnothyl glucose anilide ‘m.p. 167~%) which had

’boon proy?rod under identiosl conditions was 1%56~7, The

| awthontie conpound hed [x] -126,8" (inttial), +40,4 ‘

| sonstant in 26 houre, in methenol, !
Two moles of aniline hed inadvertently been uac#

afcr the preperation of the anilide of the sugar ohtat#od

|fran the polysecsharide, snd the melting point of the

resrystallised product was 10" beleow that given for

21k y6-trinethyl glusose enilide (%), The mixzed melting point

with en suthentic specimen prepared under iderticel

'eonditions indiceted thet the two compounds were the |

same, The rotation of the euthentis specimen is, however,

anomelous, the equilibrium rotetion in methemel being

given 2s =113 72) and +20° (1), This evidense is, therefore,

inconclusive,

' The sugar isolated from the polyssacheride wee
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Pinelly proved te be 2tdi6~trimethyl glucose by compn#ilon
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of its X-rey powder photogreph with thet of en uuthtn*lo
senple of 2:43é~trimethyl glucose; the spatiel disttt%utlon
of the lines of sosttered X-rays corrc:ponding, one i
vith the other, !

The Pirat of the dimethyl Praotions was shown, £y
‘pericdis seid oxidetion, to heve n free s position, |

|
;Pos!tion O, was shown to be oscupied; the rotstion in

;21 methanalie hydrogen eshloride rising during 12 hour?
:rroa +4°,5° %0 86,7, E
The samide was prepered, “y bromine oxidation of!tho
:sugar t¢ the dimethyl glusonie aecid end reesetion of t%ia
'with methanolic ammonia at O°for 5 deys, Removal of t&o
solvent left » syrupy amide which wes subjected to th+
Weerman resction, A negative result wes obteined and |
position 0, must, therefore, be ocoupied bj nothoxrl.;
!?rou the results of these analyses we must eccnclude i
|thqt'bisothyl I" 48 Zt1hvdimethyl glucese, i
The seocond dimethyl frestion wes subjeoted to i
'periodie mcid oxidetion and position Og demonstrated to
Ibo free, The optiesal behavicur in 27 methenolie hydroien
ehloride, = fall in [cx]n from +57.%5 ¢0 77.% in 12 hou+n,
would suggest that this frection is » mixture of ﬁsﬁ-éinethy1
glucose and ’id~dimethyl gluecose, the other remmining
isomerio dimethyl gluscee having o free U4 poaition{ i
Preparation of the dimethyl gluconamide, » ayru?,
'end quentitative estimetion of the hydrazodicerbonsmike
jgiv.n on hypochlerite oxidation in the Weernen reaati‘n
suggest, for the composition of this fraction, = mixture
of 1894 “ih~dimethyl giucose and "57 2¢3-dinethyl glueLso.

"Pimethyl 1”7 wes confirmed as the 21id— isomer
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by estimetion of the upteke of periocdate sfter nxidathca

' !

with sodium periocdete, The three isomerie dimethyl glucoses
|having e free U4 position ere the 3%~ 234~ and 5:&—rlntthyl

compounde, They will reaect with pericdete in the

following weryst=

| aHO oHo
HewGw (1M Hnéuﬂlc
H.O—é—ﬂ Hoﬂ—é—ﬂ
I NalO, |
HeCmOH Pt OHO
H-tls-—oa HOOOH i
oupon oKo |
i 217=dinethyl-laglucose 2 moles, pericdate sonsumed
| QHO oHO
U~0~0k e a-é—ene
ab—g—a HO=Gg=H
l NalOy
| H=0-UHe S H=0=0Ml ¢
H~0=0H ~ -AHO |
| OH,0H HOHO !
| 2t4—=dinethyl~D~glusocse 1 mole, periodate coasuuodi
OHO HOHO |
u—é—ox ?ao i
u.o*é-a . ¥ 0~-0=H |
H--(I}-OKQ ﬂ} H*é-ﬂl- ‘
| H-é-au éﬁﬂ
3t ,OH HOHO i
|

Zrh=dimethyl~D~gluecse 7 moles, pericdate eomsumed

| Thus it 18 evident that the 213~ end Zed—dimethyl
:ao-poundl ench teke up ? moles, of pariydato, while t#o
2eb~dimethyl compound will only eonsume 1 mele, |

"Dimethyl 1" was oxidised with sodium pericdete

(Page 1) using "Dimethyl II" =22 a econtrel, It was found

'thet when "II" haed taken up 1.70 moles per U H, 04,
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"I" had consumed 2.7% woles, per Ol 4405, t.0. "I" mupt

be the 214~dimethyl sompound,
In order to estimete the extent, if any, of the
demethylation ef the produects of hydrolysis of the
medhyloated polysrecharide, o sample of chroantogrn,hl#nlly
‘pure "171h=trinethyl gluscse ("Trimethyl I") was trea#od
with ~e formia meid 2t 170" for 4 hours, On rewoval a;
3tho aeid and examination on the paper shromatogren, n;
dimethyl asonpounds were deteoted; dut mnother ceapuunﬁ
:ha& been formed giving e spot of R, value 2,96, This
Iobmpeuni ¥ng desomposed by heating the syrup with dll#to
!fi-?¢) formie meid at 100° for 2 hours; it must, thorc*oro,
‘havc been an eater, the strong formiec eoid having esterified
:tho free hydroxyl group on position Oy, The non-detestion
of sny dimethyl eompounds during this experiment indicated

that while 904 formie neld 12 a very strong hydrolytie

|
\
‘a;ent for the glyeosidiec linkage, it has = negliidle
iattaak on the ether, methoxyl linkege,

| Semple I of thie fungal polysescharide weas
methylnted and divided into twe frections whose molecular
'gizes were eotimated by viscosity measurements on =
lchlarofarm solution snd somparison of the figures obtdined
!'1th those ohtnined under identical conditions fom
‘trimethy! laminerin, whose molecular size hed deen
Ien%iuated hy wviseonnity nessurenents on & m-aresol oolﬁtina.
Fraction T of this sswnle wap ecstimated to econsist of

14 anhydroglusose units and Prection IT of 16 such unita.

' These values eompare very favourabdly with the number of
redidues per non-redueing ernd group es estinated by tpo

paper shromptozram method on the hydrolysed Prnot!onlk

|
' Prestion A giving e velue of 13 and Praction B 15 residuece



!yor non-redusing emd group,

132

Aithough the evidenoe from vigecosity determinetions

:ntght not be very reliable, the shepe of the molecule .
;bcing unicown, this evidence ané that from the qnantit}tivc
' anelysis would seem te support onesnother, |
Tn the onoe of aample IY of the fungel polycaccharide

the two Practions were cstimated by viscosity deterainetions

to have noleculer sizes of %1 und 29 enhydrogluccee urltn
reapeotively, The number of residues per nonuredueing!
end group, az found by s=nalgeis from the peper |
shromatogren, vere 14 ond 11 respectively, Pracztion I

would sppeer, therefore, %o contein twe non~reducing

end groups per molecule, and Froction I, three such

;groups por moleoule; end a branched eshain atructure

appesrs Yo be indicated,

! Fotination of the reducing pover eof ssaple I of;
}the fungsl polysaseharide, by hypolodite oxidation, ;a#o
' value of one reducing group per approximstely 40 |
residues. This corresponds more elosely to the noleoculer
size of psanmple II, where nc.nay sssume the presense
‘ef one reducing end group per molesuls, then to that
of semple I3 and we may ressonably sonslude that

sanple I wes degreded down to fts™unit" size during the

methylation prosess using the thellium methed, |
Due Lo the lerge snocunt of under-methylation i

present in the samples of wethylated fungal yolylsach+ridc,

22 definite molecsular structure cen e 2ssigned olthc*

to the poelyseccharide as 2 whole or to = pesaidble

repeating unit, Ye may conclude, however, that there

'are not more tham two mein types of glycosidie liukag

!prea¢nt in these molecules; in the 116~ and 1:3~ positions,
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¢ has Teen pointed out [Pege 10) a2 high prepertion of
116— linkoges wee expected from a sonsideration of th;

‘results of the pericdate oxidatione on the original !

' polyssceharides, From the low positive rotation of th+
criginal poelyessccheride and from 1ts rate of hydrolysis,
i% i¢ considered very probeble that the constituent
Tesidues are linked in the f-eontiguration, The twe |
Practions of meth;lated polysacsheride are conaidercd‘to

|
be different molesules; their rotatione differ in aig+,

and on gueniitatlve analysis of the hydrolysis produeI
those Frzotions having the negative rotation have a hlghor

sontent of 2i13t14—trimethyl glucose than those ?raatioﬁn
0f positive rotation,

T4 i3 evident thet these molecules must have a |

very complex steriochemical strusture, and this sterise

hindrance is sonasidered to De the reason why the methoxyl
| |

| contents asould not he ralsed above the h1=429 regionm,

|14 nay well be that we have here a limit to the eiaalieal
!method for the deterninetion 92 polysaccharide atruct&ro.
It {3 obvrious that in order to obtain a "fully methy1¢tcd“
Epolysaccharide ¢ wauoch more draestis methylation procedure
iia neceeggary, bui after such %reatment we have no
;guarantee that the "fully methylated” compound is
‘identicsel with, or bears any close relationship to,

'the original polysaccharids,
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SUMMARY
1) The primery methyletion of theze two samples of

Lyseperdon boviste polysmccheride wes ecoompliched in|

the case of the firet seample, by the thellium method;

~®nd ip the seeond instence by the use of dimethyl eulphate
and sedium hydroxide in =n inert stmosphere, 2 somplete
methyletion ecould not be schieved by the subsequent npe

of Purdie’s reegents,

2) Ar ectimetion of the probable molecular weights of
these methylated polysmecharides wna obtained by
mespuresent of the viscosities of 2¢ selutions in chloroform,
'3) Efficient hydrolyeis of these methylated polyeseccharides
directly to the free sugars wes attained by the use of

004 Pormic moid at 100°, Five different methylated
derivetives of glucose were densnsztrsated on 2 psper
chromatogram of the hyérolysete,

4) The relastive proportions of these five dcrivetivcn

vere estimated by use 0f the prper chromatogram method,

end they were separated im bulk by partition chrometogrephy
on the sellulosgse ecolumn, The five fraotione obteined

were identified as 2) tetremethyl glucoese, b) 21%th~
 trimethyl glueose, o) 238:1f=trimethyl glucose, @) P14~
 dimethyl glucose, e) 157 %3h~ ond 557 2p3-dimethyl glucoses,
%) The structural spplications of these resulte, whipeh

ere limited owing to the under methylation of the

originel polyssecharide, are briefly discussed,
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