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DIFRUCTOSE ANHYDRIDES FHOM HYDROLYZED INULIN
THE STHUCTURE OF DIFRUCTOSE ANHYDRIDE IIX

In previous articles Jackson and Goargenl
and Jackson and McDonaldl have described the isolation
and properties of three isomeric cocrystalline difructose
anhydrides which were found to constitute about five
percent of the products of aqueous acid hydrolysis of
inulin. These sugars designated I, II,and III have
specific rotations of [ o/ 20 + 27.0, + 15.85 and
+135.62, respectively, and are all bydrolyzaeble by
aqueous acid into two molecules of fructose. As was
announced in the articles cited the study was continued
in order to determine the structures of the sugars and
the nature of the isomerism. While this study was in
progress Haworth and Streightg have 1solated the
erystalline hexacetate of the first sugar sccording to
the method described by Jackson and Goergen and after
methylation of the sugar and hydrolysis heve obtained
in 80% yleld 3,4,6 trimethyl fructofuranose, showing
that the disaccharide 1s symmetrically constructed and

that carbon atoma 1 and 2 of each fructose residue



partiocipate in the condensation. The lsolatlion of three
isomerle difructose anhydrides led us to the esrly
expectation that they might be the stereoisomera, K ,
AL » and 4/ of the same disaccharlde. Haworth and
3treight and Schlubach and EKncop have also suggested
this. This possibility will be examined in detail in
this theslis.

The present investigetion includes a atudy of
the completely methylated sugars end the determination
of the structure of difructose anhydride 1III by identifi-
cation of the products of hydrolysis of the fully methylated
and of the partially methylated sugar.

The methylation was carried out In the ususl
manner, which conslsts of 8 partial methylation of the
sugar by means of dimethyl suifate in alkaline solution
followed by treatment with methyl 1lodlde and silver oxide.
The physieal properties of the three hexamethyl difructose
snhydrides are glven in Table i. The first and third
methylated sugsrs proved to be distillable liguids, while
the second showed striking crystalline properties. The
latter appeared in erystelline form even before it was
completely extracted from the silver residues and in
subsequent preparations sepsrated from solution in lsrge

well formed priams. One crystal 2 cm. in length was obtained.
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In the case of all three compounds when water
is used as solvent the specific rotetion is more positive
than when no solvent is used or when the methylated sugar
is dissolved in ehloroform. 7Thiis effect of solvent 1s
mush grester in the case of the second suger.

The hydrolgsis of the methylated difructose
anhydrides was. sarried out in 0.8N HC1 at 95°C. The
progress of the resction, In each case, was followed by
noting the chenge in specific rotation. The solutions
became dark colored before the roactions were complete,
thus it was impossible to obteln the final rotations.
These hydrolysis date are presented in Figwe 1 and
Table II.



TABLE 1X

Hydrolysis of lexamethyl difructose anhydrides

in 0.8N HC1 at 95°C,.

Tiﬁﬁ dire;t of diieci ' d%ﬁégts

min. | rota- [ D rota- i%]p rotae EK]D
tion tion | tion

0 +53 +l.2 +6.6 | #1B.2 +158.6

30 +2,06 |+9.6 | +16.2 +131.0

45 +T.41 | +38.4

78 +6.66 | +34.6

80 +11,.1 + 98.1

96 +3e4 | +15.7

106 | +5e89 | +30.56

169 +65.05 +50.6

180 +5.0 | +23.0

l. rotations taken in £ dm.

tube

2. rotations taken in 1 dm. tube
All rotstions observed in sugar
degress in & quartz-wedge saccharimeter.
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Hydrolysis of hexamethyl difructose anhydrides

1n 0.8% HC1 at 95°C
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All three curves eppear to approach a final
specific rotation value of sbout +30° which 18 the
value for pure 3,4,8 trimethyl fructose in aqueous
solution. This is known to be the final produect of
hydrolysis in the case of the methylated first suger.
The boliling points of the hydrolyged methylated sugars
are also in agreement with that of $,4,06 trimethyl
frustose. Thus far the results suggest that 3,4,6
trimethyl fruoctose may be thie only product of hydrolysis.

All sttempts, however, to convert the distillste
quantitatively into the phenyl osazone falled. A
relatively small yield of osarxone was obtained which upon
purification showed the correct melting point of the
hydrated form of 3,4,6 trimethyl fructose osazone. iure
3,4,6 trimethyl fructose prepared by the hydrolyeis aof
hexamethyl difructose snhydride I and also prepared by
the hydrolysis of trimethyl lnulin could be convertsd into
the phenyl osazone almost quantitaiively. The failure
to obtein a proper yield of this osszone from the hydrolyz-
ed hexamathyl difructose anhydride III must be asacribed
sither to the resence of some unsuspected Impurity or
to the presence of two trimethyl fructoses, one of whiech
fa not the 3,4,6 dorivative.

Similar conclusions mey be drawn from a comparison
of the results obtained by condensing 3,4,6 trimethyl
fructose and the products of hydrolysls of the hexamethyl III
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with acetone in the presence of HgS04. The change in
direct rotation as the reaction progressed was observed
in each case. These data are given in Table III and
Flgure 2. Although their initial specific rotations were
similar, + 27.0 for 3,4,6 trimethyl fructose and +27.6
for the hydrolysed hexeamethyl IiI, a large difference was
observed as the reaction proceeded. The 35,4,6 trimethyl
fructose condensed with acetone to form & much more
positively rotating substance than that obtesined when the
hydrolysed hexamethyl III1 wes reacted with acetone.
Attempts to isolate the acetone derivatives were not

succossful.,



TABLE IIX

Heaction of 35,4,6 trimethyl fructofuranose and of the
hydrolysia products of hexamethyl difructose
anhydride III 1n Hg80,4 - acetone solution

3,4,6 trimethyl Hydrolysis product of
fructofuranose hexemethyl I1II

Time in

min. direct [ %7 direct [ o j
rotation D rotation D

0 | 266 £27.0 {l 2e2°% 27.6 .

10 | S8 j 246

20 2.7

25 4.5

30 | 28

40 5.2 | 3.0

50 | 3.0

60 5.6 ; 32

70 6.0 3e3

86 6.1

100 6.3 SA

110 8.3

130 6.3

1456 3.5

All rotations observed in sugar degrees 1n a
quartz-wedge saccharimeter.
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If 3,4,6 trimethyl fructose were the sole
produet of hydrolysis of the three hexamethyl
dissocharides it would follow that the isomerlism
occurred on carbons £ which concelvably might have
the alpha or beta configuration. There would then

Following Hudson's principles of 1sorotation
be possible the combinationod, X and F/./ let
F represent the rotatory power of esrbons 3,4,5 and 6,
and let +A represent the rotatory power of the X
configuration of carbon 2, then thes oconfiguration of
this second carbon would be represented by -A. The

three isomeric sugars would have molecular rotatlons

which conld be expressed as follows:

(1) 2F + 2ZA = 2F + 24
(2) 2F + A - A = OF
(3) 2F -« ZA m 2F « 2A

The sugar represented by (2) would have & molecular
rotation equsal in value to that of the average of the
other two sugars. The molecular weights of all three
sugars would be the same, therefore, the relation above
deseribed would apply to their speeifie rotetions. The
specifie rotations of the three difructose anhydrides
wore found to be +27.0, +13.85 and +135.64. A glance
at these flgures shows thet the aversze of no two

rotatlions 18 even approximaetely squal to the third.



-10-

This must be eithier becmuse the dioxan ring* exerts an
effect such that these sugars are not comparsble to the
ones cited by Hudson in connection with his rules eof
isorotation or that they have different typca of atructure.
The hydrolysis of hexamethyl difructose anhydride
i1l yielded s sirup having & rotation of approximately
+30° 4in aqueous solution. Upon conversion into the methyl
fructoslide followed by methylatlion and finally removal
of the fructoside groups, tetramethyl gamme fruoctose alone
was formed. ‘Thus, both fructose residuss must contain the
furanose ring.
There are four posaible trimethyl gamma fructoses
Sufel, led=4, l«4-8, and 1-3=-8. The properties of the
Tirst two are well known., The 1-4-65 has been prepared
In 8 quantity too small to determine its physlieal properties,
and 1-3-6 trimethyl gamma Iructose has never been described.
in recent years Helferich® and his collaborators
have shown that triphenyl chloromethane exhibits the
tendency to substitute on primary hydroxyl groups in
preference to secondery hydroxyl groups. Velentin 9 found

that this resgent was selsctive to primary alcohol groups in

Haworth (J.CeS0es 16 ps.695 (1932) has shown that 1n
difructose anhydride I the lntermsdliate six atom ring
Joining the two sugar rings in the anhydride has the
structure of a aubstituted dioxsan:.
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his work on a number of polyhydroxy alechols. 1In all
cases of compounds conteining both primery and secondary
sleohol groups this reagent has been found to be
selodtive towards the primary groups, therefore trityl
condensations maey be sald to imply the numbser of primary
alcohol groups present in compounda of thia tyre,
Hackett and Hudson and Hackett, Jackson, and Hudson
conclude thet the triphenyl chloromethane condensation
is not an inrfallible test for primary alcohol yroups since
with a few compounds containing only secondary ale¢ohol groups
they nhave basen able to make trityl derivatives. These
compounds appear to be much less stable towarda heast than
those in which condensetlion has taken place between tri-
phenyl chloromethane end & primary slecohol g roup.

ihen difruetose anhydride I was treated with tri-
phenylehloromethsne in pyridine solution two trityl gsroups
combined with the sugar in agreement with Helferich's
generalization. Difructose snhydride I1I, In contraat,
upon simller treatment formed & tri-trityl derivative. It
is kunown that difructose anhydride I contains two primary
aleochol groups and thus it ls8 suggested that difructose
anhydride 111 may contain three such groups.

ihe facts thet 3,4,6 trimethyl Iructose has been
identified in the hydrolyged hexamethyl difructose anhydiride

i1l and that upon conversion to the tetramethyl fructose
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‘only the gsmma form wes prescent, require that di-

fructose snhydride I1II have one cf the four following

structures:

H e oH (',Hz,
Hﬁ%j;z;QZiii - °”
Hol o HOC W 4: quH
H Qo-;,:J Wlon | U @#// /4—@_0#0
4 C He yao_J He J

] t \
#, Lon HlQO# h‘zé,oh‘ /#}Qoh‘
A B

#60”4/Q# quﬁ /Qﬁz

#oq_a/pocﬁ—} fwc_f‘ {4('./'7'*—I

ue hCok© #Cﬁjj
“C “ce ~J _,j
{ {
H}.C’O# /4)0_ oH Hz,c 'tﬁ,c Ny,
¢ D

¥Yormuls A represents difructose anhydride I, or its

stereolisomers.

Hydrolysias of a completely methylated

sugar of this type would gliva 3-4-6 trimethyl fructose

alone, and this 12 found to be the sole product when

hexamethyl difruotose anhydride I i1as hydrolysged.

However,

when hexemethyl difructose anhydride III is hydrolyzed

the low yield of rhenyl osazone and the apparently dilfferent

condsnsation with acetone indicate that snother trimethyl

fruetose is formed together with the 3-4-8 daerivative.

If formula D represented the atructure of the

sugar, the hexsmethyl derivative upon hydrolysis would
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yield a mixture of 1 «3-4 trimethyl fructose and

3=4-8 trimethyl frusctose. J3-4-8 trimethyl fructose hsas
been ldentifled as one of the products of hydrolysls by
means of its phenyl osazons. l=3d-4 trimethyl fructose
has been prepared in crystalline form by Hibhert?,
Tipson and Brsunse. It has & specific rotation of =Hl.4
in aqueous solution. The specific rotation of S-4~6
trimethyl fructose 1is +50° in sgqueous solutlon, hence
the mixture obteined by the hydrolyalis of hexamethyl
IiiI, which has a definitely positive speclific rotatlon
in the neighborhood of +30°, cannot be & mixture of theae
two trirethyl fructoses. Formula D is therefore
eliminated as a possible structure.

A suger of either formula 4 or i would contaln
only two primery aleohol groups and hence only two trityl
groups would be expeotsd to combine with it readily.
Difructose anhydride III forms a tritrityl derivative.

The data thus far presented show that the
structure of difructose anhydride III 1s in agresment with
nelther formula & nor formula D,

Formules 3 snd C represent sugers whose hexamethyl
derivatives upon hydrolysis would yleld 34«0 trimethyl
fructose together with elther l-4-8 trimethyl frustose or
l=3=6 trimethyl fructose respectively. 48 the physlical

properties of these last ¢wo compounds are not known, it



is imposslble to predisct from these date which of the
two formulas represents difructose anhydride IIi.
Hydrolysis of the partially methylated sugar
appeared to be a means of dlstingulshing between these two
structures and of sonfirming the ellmination of &4 &and ¥
as possible formulas of difrueﬁoae anhydrilde III. 7The
trityl derivatives of 4inulin, difructoss anhydrides I
and III were used in preparing these prrtially methylated
derivetives. In no case is‘it essumed that the condensa-
tlon between triphenyl chloromethaene and the sugar has
taken plsce through & primary alechol group. iefinite
proof 1s offered below to show the ;ositiona of the
trityl groups in inulin. 7The procedure, by which the
posltion of the trityl groups in the two disaccharides
will be determined in the complete work, is also glven.
Inulin,‘upon tritylation and methylation, ylelded a
monotrltél dimethyl derivative IV, Detritylation followed
by aeld hﬁﬂralyaia'gava a dimethyl fructose. This die-
methyl fructose had a specifiec rotation in ehloroform of
~7+0, thus 1t appears to have a 2«6 ring, and hence the
hydroxyl of carbon 6 was unsubstituted. If on conversion
into the tetra methyl fructose the tetramethyl normal
fructose 1ls formed, carbon € was unsubstituted in the
dimethyl fructose., Should the tetramethyl gemma fructose

result from this procedure it will be necessary to oxidize
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the dimethyl fructose in order to determine whether
o1 not the hydroxyl of the €th carbon is subastituted.
It 18 known that the hydroxyls of carbanals 1l and 2
are involved in the condensstions between the fructose
residues in forming the inulin molecule and that the
fructose residues are gamma sugars thus involving carbon
6. The hydroxyl groups on carbons 3,4 and 6 are there-
fore avallable for substitution. Two methyl groups and
one trityl group entered sach fructose residus and since
the hydroxyl group of csrbon 6 has been shown to be un-
substituted in the dimethyl fructose, this must have been
the position occupled by the trityl . roup.

Triphenyl chloromethane, therefore, condensed
with the primary aleohol group as would be expected from

Helferich's generalization.
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It i3 planned in complsetion of the present
work to carry out the following reactions,.

In difructose anhydride I the hydroxyl groups
of carbons 1 and 2 of both fructose residuea form the
dioxan ring, hence they are not avallable for substitu-
tion. The fructose residues are both gemma sugars and
hence carbon atom & 1s not free to react. ¥%hen
difructose anhydride I is tritylated and ascetylated, a
ditrityl tetracetyl derivative results, By replacing
the acetyl groups by methoxy groups and subsequent

removal of the trityl groups a tetremethyl disacoharide

wlll result which may be hydrolyszed by aqueous acid into

8 dimethyl fructose. It is expected that the same 3,4
dimethyl fructose will result as that obtained from
tritylated inulin.

This series of reactlions is represented by the

following diagrans
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= e el
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Afructose anhydride III has been shown to

be either formula B or formula C

Nycon CN }JQOH ///—eN

~<;] yoc HDC J///;;C;‘—‘]
HC"H o weon HLiJ #eo it
Nc _J J He H.C’

NC

| | |
HLC ON N,_CO H #,Cowm Hgo H

in both cases trimethyl derivatives would result
when the tritylated methylated sugsr was deipritylated.
Hydrolysis of the trimethyl dissccharide would yleld
3,4 dimethyl fruotose, identlcal with that obtalned LYy
the hydrolysis to tetramethyl I or dimethyl inulin,
along with 4 methyl fructose in the csse of formula B
and 3 methyl fructose in the caese of Cs 4 methyl
fructose nay be identified by its vhenylosagzone which
has been prepared from 4 methyl glucbse by Fasou". 3
methyl fiu etose has been preparsd by the methylation
of alpha discetone fructose asnd subsequent removal of
the acetone groups. It mesy be ldentified by & mlixed
melting point and by its phenyl osazone. The following

disgrems show this serles of resctions in the cuse of
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formula B. In formule ¢ the fourth rather than the
third carbon of the one fructose residue is condenased
with the second carbon of the other fructose residue,
and henee in thid case carbon 3 is unsubstituted in the
suger anud is acetylated vwhen the tritylated derivative
18 treated with seetic anhydride. The acetyl groups

are replaced by methyl groups and thus 3 methyl fructose
would be formed slong with 3,4 diwmethyl fructose by the
final hydrolysis rather than 4 methyl fructose, which 18
formed in the case of formula B,

Difructose anhydride III hes been tritylated and
acetylated and the resulting product by analysls iz &
tritrityl triascetyl derivative. The replacement of the
acetyl groups in thils compound by methyl groups when
dimethyl sulfate and sodium hydroxide in acetone solutlon
is used a8 the methylating agent as well as when the
tritrityl derivative 1s methylated by means cf methyl
iodide and sllver oxlide has proved te be difficult. A
large number of methylations will be required before the
tritylated rethylated difruetose anhydride III can be
izolrted.
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Transformations of difructose anhydride III.
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In recapitulation it has been shown that
l. both fruotuse residues of difructoss enhydride
III are gamms SuUEro.
2+ When hexamethyl dlfructose anhydride IlI is
hydrolyzed
(a) 3,4,6 trimethyl fructose is not the sole
product of hydrolysis
(b) 3,4,6 trimethyl fructose is one of two products
of hydrolyais
(c) 1,3,4 trimethyl fructose is not formed by the
hydrolyels
1,35,6 trimethyl fruectose or 1,4,6 trimethyl must therefore
be formed slong with the 3,4,0 trimethyl fructose during
the hydrolysis of hexamethyl difructose anhydride III
and the su;ar 1s represented by one ol the two following
formulas.
Se Thore is but little doubt that iHelferich'sa
generalization which states that trityl groups subatitute
selectively upon primsry slcohol yroups, holde for this

series of compounda.



4
? VH
PR
HaOH o HODH
0 l D'
Hotl @
) Qo |
L—'o/ 0o
H

LT Ho



Oscurrence of bDifructose Anhydrides in Inulin

In previous zrticles we suggested that the
difruetose anhydridea might oscur as such in the
ipulin molecule. Other invesatigators have concluded
thiat they sre to be accounted for as hydrolysis products
or as distinet compounds thet ecoompany inulin and are
difficult to separste from inulin. Irvine snd lster
Haworth hydrolyszed trlacetyl inulin in a ohloroform-
fuming nitric acld solution and thus obtailned difructose
anhydride 1.

It has been shown that this disacchuride containa
the same linkage between the first and second cerbon
atoms of adjoining fructose residues as occurs in the
inulin molecule. Hnwortha preaenta as evidence of the
absence of ﬁirruciase anhydride residues in inulin his
failure to extract the hexacetates of theso disacoharides
from inulin acetats by hot water. hould these difpructose
anhydride acetstos constitute & portlion of the inulin
acotate 1t would not be expected ihat they could be
extructed with hot water, in which they are alightly
soluble, any wors than that the difructose anhydrides
might be extracted from the unaubstituted inulin molecule. with

cold water.
ringshelin ® and llensel hydrolyzed inulin with
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asperglillus. ifter acetylating the unhydrolyzed portion
they were unable to lsolste the acetste of the first
sugar. As they found thet aaspergillus did riot hydrolyse
this disaccharide, they concluded that difructose
anhydride 1 did not ogcur as an integral psrt of inulln
but must be fomed as 8 product of agueous sold hydrolysis.

Sehlubach reports that difructose anhydride 1II
probably oscurs along with inulin (a8 & "Begleitetoffe®)
from which it is difrficult to separate. However we find
that one crystallisation from water smolution is sufiiclent
to seperate this sugar from inulin

The inulin molecule, as formulated by llaworth,
is Jnown to be composed of fructofuranoses in whieh the
second carbon of one fructose residue 1a attached to the
first carbon of the adjoining fructose residus. Thus
Haworth's formula is written

H,Go# c ' C

C=po[  C=—of ¢ a‘/’g___
vocul | wsgr " HoGh
4 {oHp H Cokgy # oty HCO/‘”
g J YR i i _—_?
£ % ™) ]
#2_(;0# N,_(J 0:, a7 /3_;0”_ /_,/,Zco{-i-

in which the 8Y is only an approximation,

llaworth states thet &ll inulin shows some
reducing power and hence he accounts for the free
reducing group on the last fructose residue. We have
applied this test gquantitatively and from these quanti-

tative experiments coneluds that inulin does not contsln



a reducing group. i'or this work inulln wes extracted
and recrystallized in solutions of pH 4.4 in order
that & reducing group would not be destroyed were it
present, The reducing sugar analysis wag run by
¥unson and Wslker's method for redueling sugars. i
sample of 3.89 gms8 of imilin was found to heve a
reducing power equivalent te 0.0089 gma of fructose
or 0.23% reducing sugar. A eimilar test on & ;ms of
sucerose, whioch is kuown to contain no reducing groups
had under the same experimental conditions s reducing
powor aquivalent to 0.,0135 gms of invert or O.8%x. If
lawoprth's formula 4is correct one out of every thirty
fructose reslidues would contaln a reducing yroup and
inulin would have about 35 aa much reducing powor as
fructose. The practically negliglible reducing power
of a carefully prepared sample of inulin shows that the
reducing group incorporsted in Haworth's formula is
definitely sbsent., ‘he posalbllity that substitutlon on
carbon 1 would inhibit the reducling power of this final
fructose residue, should 4t eontaln such, 4s small in
view of the fact that iiibbert, Tipson and Hrauns’ find
that 1,3,4 trimethyl gemma fructose "reduces ehling's
solution strongly".

Yanosky and Kingaburylo raport that inulin
carefully prepasred containa 0.455 reducing suger. During

the preperation of their inulin they apparently did not
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use any elkallne sclutions that would desiroy a
redueing group; this egain iz far too small an
omount of reducing sugar to be consistent with
Haworth's formula.

dchlubach and Knonpllrapurt that their
purified Inulin hes no reducing power.

Heasonable explanations of this lack of
reducing power appesr to be thst either the last
fructose residue hss condensed with & hydroxyl of the
pame residuse to form an anhydro fructose or that
condensation hag taken place with a hydroxyl on the
ad juncent fructose residue to form a& difructose
anhydride. Anhydro fructoses show & ygreat tendency
to condense to the difructose forme LEvulosani®
sondenses to form dildvulosan, hetero-lavulosanl®
forms hetero-dilavulosan and gamma fructosani? rorms
di-peepme fructosan. When s sllght acidlity exists
3,4,6 trimethyl fructose shows a tendeney to polymerize.
it, therefore, scems more probable that the reducing
group of the last Iructose residue would form a di-
fructose anhydride by condensing with a hydroxyl on
the adjoining fructose resaldue. Suchh & condensation
might Involve a hydroxyl on esrbons 3,4, or 6. Di-
fruoctose anhydride III has besen shown to have a

structure such that it would be formed by a déhydration
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between the reducing group of the final fructose
residue and the hydroxyl group of elither the third
or fourth carbon atom on the penultimate fructose
residue,

The nonereducing portion of hydrolyzed inulin
has been found to contain the three previously
described difructose anhydrides. After exhaustive
treatment in extracting these sugars there remains
8 oconsiderable quantity of unerystalligeble sirup
which may ultimately prove to conteln & fourth difructose
anhydride. 7The composition and structwre of this
residue as well as the structure of difructose anhydride

I1 take on new interoat in view of this theory.
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BXPEHIMENTAL

(1) Hexamethyl difructose anhydride ITI

socording to the procedure described by
Haworth and Learner in thelr methylaetion of inulin
10 ;m8 of sugsr, dissolved in 88 oo of 320 was
placed in a 500 co flask fitted with & mechanlosal
astirrer. During a period of one hour 20% cc of
dimethyl sulfate and 65 cec of 30) NaOH solution
wore added in such & way that the solution was
always alkaline. The temperature of the bath was
kept et 7000 during this time. 7The bath temperature
was then relsed to 100°C and stirring was continued
for one helf hour in order to decompose the unreacted
dimethyl sulfate. The partially methyleted sugar
separated ag an oll and floated on the asurface. After
the addition of loe the reaction mixture was made
nearly neutral by the additiom of HgiOge 200 oc of
mothyl slcohol was then added.

4 large volume of HapiOy separated. The
filtrete fras this salt wes eveporated under diminished

preasure to 25~30 6c. The sslt was well washed and the
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filtrete extracted with 175.200 ec of chloroform.
This chloroform solution, after drying over HagiOg,
was evaoorated.

The pertislly methylsted sugar was then
treated with Aggd end Clgl in order to complete the
methylation. This resction was carried out &n a
d-necked flask fitted with a mechaenlcal atirrer and
& reflux condenser. The ysr tielly methylated sugar
was dissolved in 70 gms of CH31 and ten 4.4 gm
portions of AggQ were added over a perilod of five
hows. The Aggl and Agl were then removed by
filtration. After evaporation of the CHzl the
hexamethyl difructose anhydride 11I was distilled
under reduced pressure.

Bple m 161~165 <4 mm pressure
Yield 10.6 gms. B84.1% theoretical yleld

HJ 20 = + 155.7° (pure 1iquid)

[ il ] 30 = +187.9 (in chloroform) . 3.95 sms/200 co
{O{; [,O(J go = +164.5 (in water) ¢ = 2.2516 gn/100 co
_ OCHg = 45.0%  theory = 46.6%

0.0471 gm sample = 0,1602 gms. Agl
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(2) Hexmmethyl difructose anhydride II

10 gms. of difructose anhydride II was
methylated by the mothod descridbed above. 4iflter
methylation with Agp0 and Cﬁal it seprrated from
ether solution in lerge well formed erystals. The

product was purified by recrystailiszation from ether.

Yield 8.72 gms. 69.2% theoretical yleld.

M.Pe = 73° (une.)

BePe = 160 - 1?000. «36 mme pressure.
[aﬂ %0 =-4l.9 (supercooled liquid).
qu %ngu -28.2 {in chloroform) C = 3.5568 gms/100 ce
[«] 20 w +6.0 (in water) C = 3.736 gms/100 oo

UCHs = 44.5% ’xheary ‘505%
0.,0506 gm sample = 00,1704 gm Agl.,
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(3) The lydrolysis of Hexamethyl difructose
anhydride 1Il

The hydrolysis of hexamethyl difructose
anhydride III required considerable preliminary work
for the following reasons:

l. The methylated dlisaccharide 1s relstively
stable to aclid hydrolysis.

2. Acids have & dehydrating effect upon the
methylated gamms fructceseswhiich conatitute the products
of hydrolysia. Se4=8 trimethyl fructose in scid
solution is converted to .0 =methoxy~bBemethyl furfural

according to the following reactlon

R H H
a” o e — ¢
- Q__ooa
] ——
L0
ga. Q_H Q”ON ch\c\ /C/—C_H + 20%0/‘1‘ ‘/‘N_ZO
o—-%- - - y© o]
N, — CH,oH CHy

3¢ The frsctionation of mixtures of unhydrolys-
ed methylated disaccharide, trimethyl fructose and
methylated furfural 1s difficult. 3«4-8 trimethyl
fructose was treated with O.8N HC1l at 95°C for one hour.

Calceculations based upon its initiel and final zotatlions



showed that it had decomposed 10x durlng this period,
By following the change in rotation when hexamethyl
difructoae anhyiride IIX was hydrolyzed in Q.8H HCl
at 98°C, it was found to be 50; hydrolysed in 91 mins.
and 70% hydrolyzed in 167 ains.

From these data it was caleculated that 1f ths
hexamethyl derivative were trested with .8N ICl at
96°C for three porlods of vl mins. osol: and the
trimethyl fructose were removed by distillation after
each hydrolysis reaction that 874% of the methylated
disaccharide would be hydrolyzed and that about 10%
of the trimethyl fructose thus formed would be destroyed.
Should the scid hydrolysis consist of two consecutive
treatments with 0.8N Cl at 98°C of 187 min, 91% of the
hexamethyl difructose anhydride would be hydrolysed and
about 20» of the trimethyl fructose formed by the
hydrolysis would be destroyed. Therefore, 1t waas declded
to carry out three hydrolyses of ¥l min. each.

Chccordingly 7.289 gms. of hexamethyl difructose
anhydride III was trested with 8N HC1l at 98°c for 91
mine The cooled resction mixture was neutraliszed with
BaC0g and evaporsted to dryness. The solld rosidue was
extracted with seven 1&-20 ce portions of chloroform.

The methylataed sugar derivatives of both the disaccharide
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and its produets of hydrolysls were extracted by the
chloroform. “The chloroform was evaporated in the
presence of a trace of 3«&03, the slrupy realdue
transferred to a smell fractionating flesk and distilled
under diminished pressure.

The following diagram shows the results of the
three successive hydrolyses which are termed A, B, and

C respectively.

7;299 gma hexa- ((1) distillate (1) 1.7164 gms
methyl difructose A YA 3.4214 gns B
7 anhydride (2) (2)
IrX 2) still B £2) residue
A pestdue — B
¢
(1) 3.4214 gma residue
A rediastilled
(1& 1.7154 gma — (1% 3.866 gms
’ &

'(1)0 «71E3 gme
(2), .8353 gms

(3)c residue .4662 gms

A, B, and C represent hydrolysis with 0.8% HC1 at 95°C for
91 min.



Bath Boiling Pressure chloro-
Fraction Tomp . Point in sm D form
(1), 164-184 107133 «36 +50.4
(g 166-176 107- .28 +30.,0
(Llpp 107-156 107-111% 38 +26.6 final
(1) 146-172 83-114 o33 +20.1 distillate

A portion of the mathyl furfursl derivative, formed
during the hydrolysis, remsined the distillete. This gave
a yellow color and the characteristic furfural odor to all
of the fractions although W =-methoxy=8-methyl furifural
boils at about 90°C under these pressures. The method of
Dox and Plaisante proved to be a satisfactory measns of
removing end determining the amount of furfurael derivetive
proesent. These authors use thiobarbiturie for the
quantitative determination of furfural .

2.,7438 yma. of the hydrolyzed product was dissolved
in & cc of 124 HCl, to thls B0 cc of thiobarbituric acid

solution™ was added. After one or two minutes atirring,a

# The thiobarbiturie escid sclution wan» vrepared by prinding
D¢ gms. of thicbarblturic acld in an agate mortar with just
enough water to molsten it. This paste was then washed
into & beaker and diluted to about 150 cc with lig0. As
soon as the acid dissolved 75 c¢ of hydrochloric acid of

8pe &re 108 was slowly added. This solution was then
filtered through asbestos.



yellow precipitete formed. The reaction mixture was
cooled to 1006. over night and the coagulated preeipitate
sollected on a welighed gooch crucible, washed with small
portions of 125 HCl and dried to constant weight. 0.1604
gme. of thlobarbituric seid furfural derivative was found.
Assuming that & e-methoxyeBemethyl furfural was the form

of the furfural derivative there wore 0.0844 gms. present
and the original sample contalned 3.084 of this compound.
The filtrate from the thiobarbituric scid-furfural
preaiplitate was neutralized with BeaCOz and recovered by
the seme procedure as that used efter the acid hydrolysis.
2e14 gnms. of methyleted fructose having a rotation of about
21°  was recovered. After thls trestment the products of
hydrolysie distilled et a more constant temperature as shown

by the folilowing table.

fiydrolysis products after thiobarbiturie acld

treatment
- Bath Boiling Pressure
Fraction  Temp. Polint in mme. {rema o
1 167-162 100-1135% 43 0.4074 +£2,08
2 168-170 116~116 +40 1.1908 +20 .87

3 174=176 117-I09% 04629 +21 49




This hydrolysis of hexamethyl difructose
anhydride III may thus be supmarized:
7.2820 gme. of hexamethyl III after three
succeasive hydrolysis gave
444112 gms, of trimethyl fructose
4767 gma. emethoxy-~Se-methyl furfural which ie
equivalent to ,7644 gms. of tri-
methyl fructose
« 4662 gms. final residue
55854 of the hexamethyl dissocheride was recovered as
a trimethyl fructose derivative. ihen & portion of this
trimethyl fructose was treated with phenyl hydrasine in
diilute mcetic aclid, a relatively small yleld of JBeqde-0
trimethyl fructose osazone could be cobtained.
¥ePe phenyl osazone from hydrolysis product = 80.0°C uncorr.
HePs 3~4-=6 phenyl osagone = 81%.

Hixed Hel'e = 80°G UnCoOrr .«



(4) Ditrityl difructose anhydride I

Acocording to the method of Helferich snd
Brederick one gram of difructose anhydride I and
3 grams of triphenyl chloromethane were dissolved in
15 ec of dry freshly distilled pyridine, The reaction
mixture was sllowed to stand st room temperature for 3
days, at which time water was added drop by drop until
the solutlon beecsme turbld. 7This was cooled to OGS
for one hour. A small amount of cerbinol separated in
erystalline form. The flltrate from the carbinol was
poured into 600 ec of ice water. 4 white yuemy
precipitate formed. ‘hen dissclved in warm methyl
alcoliol the tritylated derivative seperated as white
needles. These wore orystalllized from methyl alechol
to constant progerties,

Yield 1.00 i;ms.

42.2;: theory

Carbinol = 64.37: method of Valentir S

0.1249 gm. sample = 0804 gm. carbinol

64.36 esrbinol - theory for ditrityl difructose

anhydride
20 C = 2,186 gne/100 co
[qg p = +20.36 (chloroform) C = 2,186 gms/100 co

o
jHeie w 1956 C (uncorr).
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(B) Ditrityl tetracetyl difructose anhydride I

6.3 gms. of suger and 18 g ms. of triphenyl-
chloromethane were dissolved in 120 ¢c of freshly
distilled pyridine., After remaining 3 days at room
tenmperaturs the reaction mixture was heeted to 86-90°C
for one hour. 60 ¢o of acetic anhydride was then added
to the cooled solution. The reaction mixture was then
heated to 70°C for one hour efter which the temperature
was ralsed to 110°C for one half hour. Upon cooling
1ce water was added to turbidity end the reactlon
mixture was placed in an 1ce bath for one hour. The
triphenyl earblnol which separated was filtered end the
filtrate poured into a large volume of lce water. The
precipltate which formed was dissolved in absolute aléﬁal.
Ditrityl tetrscetyl difructose anhyiride I separated as
transparent apheroids, which upon repeated reorystalliza-

tion from absolute aloohel foramed needles.

Yield 14.7 ;ms. ¥le85% theory
HePe = 194°C uncorr.

(] 8% +21.08 ¢ = 3,751 zms./100 ce
Carbinol = 51.1% theory = 53,3%

040417 gm sample = 0213 zme. carbinol
Acetyl found 18.050CCHy Celee 17.6500CHg
0.0091 gm. sample = 4,14 cc 00,1004 K NaOH
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{6) Tetrscetyl difructose anhydride I

The trityl groups were removed from the ditrityl
tetracetyl derivative desoribved above by the method of
lislferich snd @o-workers.

5 gma. of Aitrityl tetracetyl difructose
anhydride I wss dissolved in 20 cc. of glacial ncetie
scid. The solution was cooled to 5°C and 2 cc. of
scetic acid saturated with HBr st 0°C was added. A
yellow precipitate of tritylbromide separated. The
filtrate wns poured into an ice and weter mixture. The
tetracetyl derivative war extrected with chloroform and
the chloroform solution thus formed treated with lNeliCOg,

dried over ﬁa2$04 and evaporated. The sirupy residue

was dissolved in sbsolute aslceohol. Tetracetyl difructose

enhydride separsted from the alecohol solution in the form

of rectangular pletes.
Tield 1.8 g ma.
6.7% theoretical

[d] go = =8.0 chloroform

o] 20 a + 23.0 water
KePo = 173°C uncorr.

Acetyl found 3B.150CCH calc. 55.G§otcﬁa

3
1731 gm. sample = 1410 cec. 0.1004 ¥ .4aOH.

# This preparatlion was made in pursuance of a plan which
was later abandoned.
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The tetrsocetyl derivative upon acetyletion gave
hexacetyl dlfructose anhydride I, which has beén

described by Jackson and Qaargenlo

(7) Trityl diascetyl inulin

10 ;ma, of inulin and 30 gms. of triphenyl-
chloromethane were placed in 200 ec of freashly distllled
pyridine. 7The inulin swells slowly in pyridine and hence
the reactlon takes place slowly. The reaction mixture
was rotated for four days at room tempersture and then
heated to 85-90°C for one hour. Upon cooling, 80 oo of
acetlc anhydride was added. This solution wss heated to
60-70°C for one hour and then at 110° ¢ for one helf hour.
after cooling to room temperature, cold water wss added
dropwise to a psrmanent turbldity. ‘he ocrystals that
separated from this solution were flltered and the
filtrate waa poured into a large volume of water with
constant stirring. Tritylated scetylated inulin along
with some triphanyl carbinol separated as & white precipltate.
This was filtered, washed with wster and alr dried. The
trityl diascetyl inulln was purlfied by separstion from
absolute alcohol. It was isolated as an amorphous powder.

Yield 8 gms.
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Carbinol = 53.44% theory = 63.£8%
01568 gma. = 0,0838 ;mse. carbinol
[F{]g? = +15.14 in ehloroform C = 1.224 gms/100 oo

(8) Trityldimethyl inulin

7 gns. of trityl discetyl inulin was dissolved
in 260 cc. of acetone. 120 cc of dimethyl sulfate and
320 oo of 304 sodium hydroxide were added in ten portions
at ten minute intervals. During the reactlion the solution
was rapldly stirred and the temperature wss kept at 55°C.
Upon additlon of the last portion of reagents 100 cc. of
water was ad:ied and the temperature was raised to ?500
Tor fifteen minutes in order to remove the acetone. The
tritylated nethylasted inulln separated ss a precipitate.
The pure compound wap isolated 2 an smorphous powder by
separation from s methyl alecohol =zolution.
Yleld 8.6 gms.
825% theoretical yileld
kothoxy found 15.885% OCHg Celo. 14436/ OCHg
53.7 mg. semple = 9.068 ce /10 thioaulfate
GCarbinol found 55.0% Calc. 80.2%
21200 gme sample = 068656 ymse. carbinel
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(9) Tritrity)l difructose anhydride III

6 gms. of difructose anhydride 111 was dissolved
in 60 ec of dry pyridine. To the solution 1¥ yms. of
triphenylechloromethans wes added. The resction mixture
was allowed to stand at 100m temperature for two days.
“ater was then added until the solution hecame turbid.
The crystals that sepsrated were flltered ani the
filtrate was poured into a large volume of cold water.

The white rrecipitate that separated was gir
dried and recrystallized from methyl aleohel to constant
properties.

Yield 1.08 gms. 7This 18 7.0% the theoreticsl yleld.
Lefe = 125-127°C uncorre

[o{]n = +65.2 in chleoroform
Carbinol = 73.1%
Theory for tritrityl difructose anhydride III = 74.89
« 06356 gm. sample = 0464 pm. carbinol.
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(10) Tritrityl-triacetyl difructose anhydride III

20,2 ;ms, of difruetose anhydride III was

dissolved in £50 ec. of freshly distllled pyridine.
To this solution 80 . ma. of triphenylchloromethane
was added. The reaction mixture was allowed to stand
one woek at room temperature. At this time it was
heated to 7006 for one hour, After cooling to room
temperature 180 cg¢ of acetic anhydride was added and
the solution wes warmed to 60°C for one hour. The
reaction mixture was then heated one half hour at 110%C.
Upon cooling & small portion of water was added and the
turbid solution was cooled over night. A large portlion
of the unreacted triphenylchloromethans separated as
the tritylecarbinol pyridine compound and was flltered.
The filtrate was poured into a large volume of water.
he pracipitate that was thus formed wes washed with
water and alr dried. The tritylated ucetylated augar
separated in an smorphous state froa alcohol solution,

Yield 24 gms.

s theoreticsl yleld 34.3%

Acetyl found 8.9% «1185 ;m sample = 2,45 ce 0.1004 X
HaQl
Coloe. 10095&1
Carblnol found 68.7% 1070 gm sample = (0735 gm
carbinol

Calce. 66.5%
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(11) Dimethyl fructose

ﬁﬁinefhgl.rruataxe was prepared by the de-
trityletion and hydrolysis of trityldimethyl inulin,
The detrltylation was carried cut by & method which
previously has not been described.

An almost saturated eolution of HBEr &n
ehloroform was prepared at 006. By enslysia, 1 cec.
of this solution contained 0.042 gms. liBr,.

3 gma. trityl dimethyl inulin wes treated
with 18 e6c of the HBpr-chloroform solutiocn at oaﬁrfar
thirty to forty mlnutes., 7The acid was then neutralized
with a ?bcaz suspension and the chloroform was evaporsted.
The remaining sclution was filltered and evaporated to
drynsss., 7The inorgsnlie salts remained in the residue
when the methylated inulin and any partially hydrolysed
mothylated inulin were extracted with absolute alcohol.
The hydrolysis wes'completed in .O8H HpSQ at 60° for 80 min.

The %52304 was removed by means of BaC0g and the
filtrate from this resmction was evaporatsd to dryness.
The dimethyl fructose wos extracted from this residue by
repeated treatment with chloroform. Upon distilletion of
the chlorofmrm the dimethyl fructose remalned as a aslrup.

80 2 -7.8 tn chlororarm.
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