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The chemistry of sucrcse has always been a
particularly challenging problem to carbohydrate chemists.
Considering the fact that sucrose has long'been available
in large quantity in a high state of purity, until redently,
the compound has been subjected to surprisingly little
organic chemical investigation other than efforts %o .
establish 1ts structure. The efforts have established
rosc Lo be o(-Dbglu00pyranosyl-D—fructofuranoside.
Physical evidence (X-rsy analysis) had previously indicated
the eonfiguration of the anomeric center in the fructose
moleby to be F?-D~. The purpose of this research was mainly
to establish the course of partial p=toluenesulghonation of
sucrose. The conclusions reached by previous workers on
this subject were eitﬁér speculative or unwarranied and loft
the impression that the selectivity of the p-toluenesulphonation
reaction merited more accurate dellneation. Also, 1t was
hoped to complete an unequivoecal, purely chemical proof of
the structure of sucrose. These objectlves were fulfilled
and the purpose of this thesis is to deseribe and interpret
the relevant experimental data.

These investigations were entirely supported by a

grant made %o Professor R.U. Lemieux by the Sugar Research
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ABSTRACT

The esterification of one mole of sucrose with
three moles of p-toluenesulphonyl (tosyl) chloride in
pyridine at 0° was reported (1,2), prior to these investigations
to produce 1;6,6'-tr1-0-tosylsucrose in "aigh yields".
However, the compound was not obtained in a crystalline
conditicn, The resulis of a recent attempt (3) 4o |
characterize the so=called "tritosylsucrose” threw little
lizht on the subject. It has now been observed by
chromatographic analysls using silleclc acid, that the
so-calléd "tritosylsucrose"” contains penta~, tetra-, tri-,
and di-O-tosylsucroses in the molar ratios 0.05:0.33:1:1,
respectively. The compositlion of the product was
substantially the same when the tosylation reaction was
performed at «18°. The chromatogram separated the tri-O=-
Sosylsucrose fraction into two subefractions. The major
sub-fraction represented 29% by weight of the original
";ritosylsucrose"”" and consumed three moles of oxidant per
mole when treated with sodium metaperiodate. This
required the material to be mainly 1)6,6 =tri-O=tosylsucroses
The minor sub-fraction renresented 13% by weight of the
original "tritosylsucrose' and consumed only two moles of

oxidant. This required that at least one of the three



tosyloxy=sroups be sltuated on a secondary carbon atom.
Crystalline 6,6'-d1~0-tosylsucrose was obtained from the
diwD-tosylsucrose fraction and represented 10% by weight

of the original "tritosylsucrose", A similar chromatographic
anaiysis of the product from the ditosylation of sucross
has shown the product to contaln tetra=, tris, and di-0=
tosylsucroses in the molar ratios 0.18:0.82:1, respectivelys
Crystalline 6,6’ =dl=0=tosylsucrose was obtained in a yleld
20% by weight of the original "ditosylsucrose", The absence
of mono=-O=-tosylsucrose in any of the above products nay

be due to losses during the isolatlion procedures.

The alkaline alcoholysis of 116,6%= tri-O-tosyl=
sucrose was shown to produce 1:2;3,6;3:6'-trianhydro-
sucrose in high yield. 13l,6 ' «tri=0=-tosylsuerose penta=
acetate was prepared by treatment of 2,2',3,3‘,6-penta-0-
acetylsucrose (lj) with tosyl chloride 1lm pyridine at 0%
Alksiine aleoholysis of the compound was shown to produce
3, 6eanhydro=« =D=galactopyranosyl=1l,l; 3, 6=-dlanhydro- § wDen
fructoside in high yield. This afforded unequivocal chemical
evidence for the " @ " configuration at the anomeric center
of the fructose molety of sucrose and thereby completed the
proof of structure of sucrose by purely chemical means.

Examination of the product obtained from the

of
tosykation/sucrose in the presence of aqueous sodlum



hydroxide (Schotten=Bauman reaction) has shown the product

to consist almost entirely of highly esterified sucrose.



INTRODUCTION

1 ~ Sucrose, (X =D=Gluccpyrenosylef «D~Fructoside)

Suerose, commonly known as table sugar, is by far
the most abundant and most widespread carbohydrate found
in the sap of plants. For many decades, sucfose from the
sugar cane and, more recently, from the sugar beet has been
the outstanding example of a very cheap, highly erystalline
organic compound produced in a state of unexcelled purity
on a large scale (above forty million tons in 19%4). The
compound, whlich is used almost exclusively as food, has
engaged the minds of many chemlsts and blochemlsts through
the years. However, beslides efforts relating to the
isolatioﬁ and purification,; the proof of its structure and
synthesis, the compound has been the subject of relatively
few published organic chemlical investigations,

Sucrose 18 a sweet-tasting, highly crystalline
so0lid which melts at 188° and has a specific rotation
[®Jp + 66.53°. Hydrolysis of sucrose in the presence of
aclids or of speclific enzymes ylelds eguimolar guantities of
De=glucose and D=fructose. Sucrose reduces Fehling's
solution only after hydrolysis of the glycosidic linkage,

Endeavors to elucidate the structure and configuration of



suerose up to 1949 were reviewed by Levi and Purves (5).
The results show that the D=-glucose and the D~fructoss
of sucrose are linked through the anomeric carbon atoms
and that a six-membered'”ﬁyranqaeﬁvring_is present in the
D-glucose portion and a five-membered "furanose" ring 1is
present in the D=fructose portion. The specificity of the
action of the enzyme "invertase", a f =D=fructofurancside,
which cleaves the eucfose molecule between the anomerlec oxygen
and the anomeric carbon of the D=fructose molety (6), provided
evidence for the X =configuration of the D-glucose molely
of suerose. Since  =D-glucopyranose 1s the initial product,
the -configuration for the D-glucose portion of sucrose
is indicated (697); The argument for the ( «D-configuration
of the D-fructose portion of sucrose based on blochsmical
evidence was obtained (8) by showing that the enzyme
"invertase" catalyses the hydrolysis of the less dextrorotary
of the two rnuctofuranosides. Therefore, on the basis of
Hudsont's rules af isorotation, the anomers susceptible to
invertase action were designsted the f =anomers. However,
there existed no evidence to support the idea that
configuration of the anomerie center in a [ -D=fructofuranoside
is as follows, |

0 -

|
HO « C = CEgOH
|

Cs



Therefore, the only acceptable evidence for the ﬁ’-D-
configuration at the anrﬁctose portion of sucrose waé
that provided by Xeray crystallographic analysis ($), the
results of which confirmed the other points of structure
in the sucrose mclecule., The first purely chemical
evidence for the ol #zlucosidlic linkage in sucrose was
presented by Lemiesux and Huber as a conclusion of the
method used to synithesizo sucrose (10}, They synthesiéed
maltose (11), trehalose (12), and isomaltose (13) using
Brigl's anhydride. The fact that the latitesr thrse
disaccharides are définitely o =D=glucopyranosides
together with a rationalization of the properties of
Brigl's anhydride could therefore be offered as synthetic
evidence for the « =D=configuration of the glucosidie

- linkage in sucrose (10).

Thus, both chemical and physical evidence exlists
for every polint of structure in the sucrose molecule except
for the configuration of the anomeric center in the fructose
moiety. For this center, only the X=-ray evidence ecan be
considered coovincing. In view of the statement (1) that
this Xéray analysis was an approximate one only, supporting
chemlcal evidence seemed desirable.

The followlng diagram for sucrose (Figure 1),

represents the compound as o =D=glucopyranosyl ‘.4 =De fructo=-



furanoside. The conformational features are those expected
on the basis that the molecule will possess a minimum of
non-bonded interactions and are to a large part supported

by the X-ray analysis of the compound in the cryétalline

state.

Pigure 1. =~ Suerose, & =D=glucopyranosyl f «D=fructo=-
furanoside.

4The system for numbering the positions of the
sucrose molecule was proposed by Hockett and Zief (2)
and consists in numbering the positions of the glucose
portion with mumerals and those of the fructose portion
with prime nuuerals. An inspection of the sucrose
molecule reveals the presence of three primary and five

secondary hydroxyl groups. Although it is generally



accepted that primary hydroxyl groups are more reactive
than secondary hydroxyl groups there exists no data on
the relative reactivities of the various hydroxyl groups

of sucrose,

2 = Preparation of Sulphonyl Esters of Carbohydrates

The use of sulphonyl esters of'carbohydrates began
as early as 1918 when Oden (15) discovered their usefulness
for identifiéation'purposes viz thoir physical properties,
particularly since many of these esters crystallize with
comparitive ease, However, various aspects of thelr
chemical behaviour were soon accumulated and the remarkably
interesting properties and potentialities of these compounds
gradually came to be appreciated, Indeed, because of the
kinds of reactions which they can undergo, sulphonjl esters
have turned out to be one of the most useful groups of
carbohydrate derivatives. p=Toluenesulphonyl (tosyl),
methanesulphonyl {mesyl) and other organic sulphonyl esters
have been prepared and are described in detall in an excellent
review by Tipson (16). The tosyl esters, which have been
particularly well studied, exhibit certain unique
characteristics which make them of great importance in
synthetiec and analytical organic chemistry, especilally in

the field of carbohydrate chemlstry. The preparation of



sulphonate esters is accomplished by treatment of a
carbohydrate with a pyridine solution of an aryl or alkyl
sulphonyl chloride (RSO,Cl) or with S0% sodium hydroxide
and the sulphonyl chloride at 0°, In the case of the partial
tosylation of polyhyvdroxy compounds,'the question arises as
to whether there 1is, with respect to tosyl chloride, any
variation in the difference in raaétivity; {a) between |
primary and secondary hydroxyl groups; and {b) between twe
primary or two secondary hydroxyl groups, Compton (17) in
1938 obtained evidence that primary hydroxyl groups can |
undergo tosylation substantially more rapidly than do the

secondary ones in a carbohydrate structure, He obtailned
yields of J1% and 36% of the 6~0-tosyl derivatives on mono-
tosylation of the methyl « = and [ -Deglucopyranosides,
‘respectively. These results indicate a difference in
reactivity between.the primary positions and the average
secondary positions in the o:der of 7, In another exanmple,
Compton (18) reports that the dimolar tosylation of methyl

f -D=cellobioside in pyridine followed by acetylatlon
resulted in the isolation of a 67% yleld of crystalline methyl
6,6'~di=0~tosyl penta=O-acetyleS=De=cellobloside. This
indicates a difference 1n reactivity between the primary
and the secondary positions of the order observed with

trityl chloride (triphenylchloromethane) (19), & compound

well recosnised as hichly specific towards primary hydroxyl
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 groups. Indeed Hockett and Downing (20) founé that the
secondary hydroxyl group in 1,2;5,6~dl«0-isopropylidence

X =D=glucose and the primary group in 1,2;3,l=d1«0=is0w
propylidene~ o{ «Degalactose differed in reactivity by a
factor of 70 and thus concluded that ®the selectivity of

the p=toluenesulphonyl chloride toward primary hydroxyl
groups as compared with secondary ones is of the same order
as the selectivity of triphenylchloromethane”, It is of
interest to note that the primary hydroxyl group in

2, 33l}, 6=di=0=1sopropylidene=L-sorbose, which is similar

to the 1'-hydroxy1 group in sucrose, underwent tosylation
half as rapldly as the primary hydroxyl group of the
1,2;3,u-d1-0-1soprOpylidene;Dbgalactose (20)., The above
examples clearly indicate the widely varying receptivity of
various primary and secondary hydroxyl groups towards
acylaticn with tosyl chioride in pyridine., Little is known
about the factors respcnsible for such a difference in
reactivity. Undoubtedly, nonebonded interactions in the
transition state are lmportant and probably mainly
responsible for the generally greater reactivity of primary
positions (21), Figure 2 1llustrates the probable steric
relationship (22) of the reacting molecule in the transition
state. It 1s readily recognised that replacling one hydrogen

atom with a carbon atom undoubiedly increases the importsnce



of the non<bonded interaction with the substituents on
the sulfur atom, and hence could be responsible for a

¢ifference in reactivity in the order of 10 between a

Figure 2., - A probable transition state of the tosylation

reactione.

primary and a secondary hydroxyl group. Lemisux and
McInnes (23) have recently shown that intramol ecular
hydrogen bondlng also can strongly influence the rate of
tosylation of secomdary hydroxyl groups. TFurthermore,
1ittle information 1s available on the relstive rates
for the tosylation of the startling wmaterial ana the first
product of tosylation. Experience in related fieclds

has shown (24,25,26) that this can be a dominant feature
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of the esterification of polyhydroxy compounds with
hydrophoble reagents, Thus when it 1s considered thab
reactivities of both primary and secondary hydroxyl groups
must vary conslderably amongst themselves, it seems clear
that attempts at prefersntial tosylation of the primary
positions of polyhydroxy compounds can be expected to
proceed 1n widely varying yields.

Baymoﬁd and Schrosder {1} in 194l, then Hockett
and Zief (2) in 1950, reported the preparation of a
substance termed "tritosylsucrose".by the treatment of one
mole of sucrose with threec moles of tosyl chloride in
pyridine at 0%, The product obtained was not well
characterized, nevertheless, it was suggested (2) that the
product was probably "almost entirely" substituted at the
three primary positions. The product gave a substance
contalning on the whole two iodine atoms per tosyl group,
on treatment with sodium iodide in acetone at 100°. It was
postulated that the l'-tosyloxy group was not replaceable
by lodine under these condiiions. Since no direct evidence
was availeble regarding the nature of this.third tosyloxy
group of the so-called "tritosylsucrose"” and sinece the
relative rates of tosylation of primary versus secondary
hydroxyl groups remained obscure, the abore contentions

that the product was mostly composed of 1;6,6'-tri-0~tosy1=
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sucrose was doubtful and definitely required further
investigation, Bragg and Jones (3)‘have recently made a
study of this so-~called "tritosylsuerose" by methylation
followed by reductive detosylation, hydrolysis, and
Inspection of the partiaslly methylated D»glucosé and
D=fructose derlvatives thus formed. Inspection of their
results reveals no basis for the contention that the
substance "conslsted mainly therefore of 1:6,6t—tri-0-
tosylsucrose™, Consglderable doubt was entertained as to
this characterization, Tirst of all in view of ordinary
kinetic conslderation since it was simply assumed that the
substance was an homogeneous trie-substituted sucrose
derivative without ever considering the possibility of the
presence of Important amoun?s of monow, dile, tri~ and possibly
othgr poly~substitution products. In this conneetion, the
isolation of a dimethyl D-glucose derivative was rationalized
by suggesting that the methylation was not complete.
Finally, the ylelds of methylated Deglucose and Defructose
isolated wers too low to permit the sweeping contention
that the tritosylsucrose "consisted malnly therefore of
1:6,6'-tri-0-tosylsucrose“. In view of these irregularities
encountered with the so-called "trltosylsuecrose" it seemed
desirable to attempt a chromatographic separation of its

constituents before any attempt at characterization was msde.
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Furthermore, 1t was felt that the many versatile reactions
of the tosylo;y groups could be used to characterize the
various tosyl esters of sucrose present in the mixture,
and perhaps, secure further chemical evidence for certain

polnts of structure of the sucrose molecule,

3.~ Reactlons of Suiphonyl Esters of Carbchydrates

The sulphonyl esters readily undérgo carbon to
oxygen cleavage. This property 1s not surprising in wview
of the fact that the departing group, & sulphonate 1lon, is
the anion of a strong acid. The carbon to oxygen cleavage
can occur elither by solvolysls or by bimolecular displacement.
The solvolysis of even the sulphonate esters of aliphatic
alcohols proceed slowly. Thus this reaction route can be
expected to be extremely unfavorable if the &« =carbon
{(or carbons) 1s oxygenated as 1s usuvally the case in a
carbohydrate structure. For example, Winsteln and Buckles
(27) have shown that cyclohexyl tosylate solvolyses in acetic
acld 4.5 x 104 times more rapidly than cis-2-acetoxy-cyclo-
hexyl tdsylate. Thus, the solvolysis (SNl) mechanism can be
expected to be an unimportant route of reaction for sugar
sulphonates unless there is a possibility for highly effective

neighboring group participation such as can be provided by
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a suitably situated acetoxy (28), acetamide (29), benzamide
(30), or ethylthio group (31). In fact all of the reactions
of sulphonate esters which proceed'readily without intra-
mole cular participation take place in the preéence of
reagents which are well recognised as stroﬁgly nucleophilic,
Examples of these are the iodide ion (32), bromidelion (33),
ammonia (34), hydrazine (35), and the thioethoxide ion (36).
in every case where stereocheﬁical results of such
replacements could be established, inve;éion of the reééting
center was observed as required for an Sy2 displacement (37).
'In accordance with this conelusion is the fact that, in
general, sﬁlphonyloxy groups at primary carbons are more
easlly replaced than those at secondary positions, It is a
well established faet that the Sy2 process is particularly
sensitive to steric inhibition (38). 1In accordance, even

a primary sulphonyl ester can be highly hindered if the

/ -carbon is substituted by three large groups or atoms as
in the neopentyl radical. Thus, it 1s not surprising that
the l-0O=-tosylate of 2,3;li) 5=di-0~isopropylidene~D=fructo=

pyranose 1s extremely reslstant to attack by .lodide

ion (39).



1-0-Tosylate of 2,3;l, 5-di-0-1sopropylidene-

D=fructopyranose.

Reaction, however, with sodlium thioethoxide in dimethyl-
formamide at 100° for 30 hourg did.bring sbout replacement
of the tosyloxy group by the ethyl thio- group (40}. Thus
one could predlct that a tosyloxy group at the 1'~position
of sucrose would be resistant to replacement by iodine ilon
as compared to the 6 and 6' positions. Although the
relative lmportanee of sterfé, polar and inductive effects
in determining reactivity has not well been established
for the replacement of a tosyloxy group of a carbohydrate
structure, it is clear from an abundance of published

reactions that secondary tosyloxy groups are much less
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readily replaced, as a rule, than are the primary tosyloxy
groups. In fact, the reaction of a tosylated position
of a earbchydrate with sodlum 1odide iﬁ acetone is widely
used to test whether the position is primary or secondary (41),
Sulphonyl esters can undergo sulphur to oxygen
cleavage {ester hydrolysis or aleoholysis) in the presence
of strong bases such as the hydroxide or alkoxide ion.
Thus, for example, boiling a 5% solution of 1,235,6=di=0-
1 sopropylidene3-0«tosyl=D=glucose in 2.5 N potassium
hydroxide (in 50% aqueous ethanol) for seven hours produced
an "almost quantitative” yileld of 1,235, 6~di«0-1isopropylidene=
Deglucose (42)s The yield of the diamcetone glucose is
surprising since an elimlnation reaction involving the
L~hydrogen which is trans to the tosyloxy group can be
expected to take placé to some extent,
Although alkoxide ions ars generally of little
use as nucleophilic reagents for the direct replacement of
a sulphonyloxy group when used as external reagent, they can,
however, be highly effective as internal reagents for intra~
molecular dlisplacements. This is evident from the reactions
of partially tosylated polyhydroxy compounds in the presence
of strong base ﬁherein an oxygen anion of a free hydroxyl
group can make a nucleophilice atﬁack at the tosylated center

to displace the ester function to form an epoxide ring, The
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most favorable situation for the formation of Z~epoxide is
that which has the oxygen anion and the tosyloxy group

in a true irans-relationship. That is, the configuration
which has the two hydroxyl groups on opposite sides and in
the same plane as the bridging carbon atoms (43). Thus,

the oxygen anion,the reacting carbon and the departing group
can recadily achieve the linear arrangement requirea in the
transition s8tate for a diSplacement (SNE) reaction.- The
formation of large epoxide rings, also  called anhydro rings,
requires the molecule to achieve in the transition state a
conformation which has the attacklng oxygen anion in close
proximity to thz side of the rescting carbon opposite to that
occuplied by the leaving group. Thus, the reactions shown

in Fig. 3 pe 19 must proceed by way of conformations at least
approaching those illustrated. There exists no evidence that
the energy barrier for these conformation changes can be
nearly as great as that for the chemical reaction. In fact,
as far as can be gathered from the available information, all
such chair-chair and chair-boat interconversions are
sxtremely rapid and, therefore, represent only trivial
intermediates in the achievement of the required transition
states. These reactions were chosen to illustrate the
formation of the kilnds of ring systems (similar to the
bicyclo (3.2.1) octane, bilcyclo {2.2.-1) heptane, bilcyclo
Eh.l.o) heptane and bicyclo [h.u.o) decane ring systenms)
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- Examples of Epoxide Formatione.

Fig\lt‘e 30
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encountered in the present research,

| ‘Although the X = or three membered epoxides are

formed more readily than the larger epoxy or "anhydro" rings,

when the possible conformations of the molecule can satlsfy

the regquirements for the 542 transition state for both

cases, the former are, sSubsequentiy, more susceptlble to

further anionic attacks Consequently, en X =epoxy sugar

may be the initial product of alkaline elimination of an

halogen or sulphonic ester, but may in turn undergo a nucleo=

philie attack by a suitably sltuated oxygen anion. Thus,

the « =epoxy sugar may undergo intramolecular rearrangement

to another o =~epoxy sugar or to a more stable "anhydro"

type epokide (fige 3a2). This type of intramolecular

rearrangement 13 termed "epoxide migration” and further

examples of such reactionp .are 1llustrated in Figure 4 (p. 21).
"Bpoxide migration was first postulated ty Lake

and Peat (47) to explain the formation of two epoxides,

instead of the expected one on treatment. of methyl 2-0=tosyl=-

16-~D~glucopyranoside with sodium methoxide, figure lja, the

methyl 2,3=anhydros (3 -D-mannopyranoside and methyl 3,4-

anhydro= ﬂ ~D-gltropyranoside. Buchanan {(46) recorded another,

similar case. Newth (49) also assumed the occurence of epéxide

migration when he found that 1, b6~anhydro~ ﬂ «Dwgltropyranose

gave, not the expected 1,632, 3~dianhydro- /9-D~mannopyranose
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but the 1,6;3,4-dianhydro« [ =Dealtropyranose (fig, hb).

Angyal and Gilham (50) have definitely established the
occurence of epoxide migration in the cyclitol series by
~converting one « -~epoxide into another which was itself
isolated, and by studying the position of the equilibrium

of the two epoxides (fig, lc), The opening of the A =

epoxide 1s a nucleophilic displacement on carbon occuring

with Inversion, therefore, the entering group must attack the
carbon from the side opposite to that of the epoxlide=oxygen,
Since after migration, the new hydroxyl group will be transe
situated 1n respect to the new epoxide it will be in a sultable
position for nucleophillec attack to reverse the reaction,
Should the reaction be in fact reversible then the epoxide

ring mlgration will tend to the equilibrium mixture of the

two epoxides {50 )s» Of course, the true equilibrium may

not be achlieved since one or both of the oxides may enter into
competing and irreversible reactions wilth elther external
nucleophilic reagents or internally with some suitably situated

hydroxyl groupe.



EXPERIMENTAL

A1l melting points are uncorrected and were
determined with a Leltz, hot~stage apparatus, The
rotations were measured at room temperature, 20-25°, using
the Deline of sodium, Infrared Spectra were obtalned with
a Perkine-Elmer, single-beam, double=-pass instrument.
Optilcal densities for colorimetric determinations were
obtained from a Coleman-Junior-Spectrophotémeter. Micro=
analyses for carbon and hydrogen were carried out in part
by Geller Laboratories, West Englewood, N.J, and in part by
MiaswE. Buske, Department of Chemlstry, University of Ottawa.
The chemical reagents used in the experimental part

were of reagent grade unless otherwlse specified,

1 = A Chromatographic Analysis of Sucrose Tritosylate and

Ditosylate "Tritosylsucrose"

A preparation was'made at o° in 95% yleld using the

method described by Hockett and Zisf (2), and the product had
a m.pe of 65=-85°, (@jb = +i3° (c, 2.88 in chloroform).
Angl. Csalc. for 03311&001733: S, ;1,93%,. Found; S, 1l.11%.
The .composition of this product i1s deseribed in Table I.

A second preparation was made at -18° using the

following procedura.' Sucrose, 34.2 g {0.1 mole), was dissolved



dry pyridine, 600 ml, by refluxing the mixture for a short
period of time. <The sclution was then cooled with vigorous
stirring to ~18° for two hours using a refrigerated bath.
"Tosyl chloride, 57 g (0+3 mole), was dissolved in 150 ml

of dry nyridine and the solution was added dropwise to the
sucrose solution over a perlod of two hours, The reaction
was left with continuous stirring at «18° for five days.
The product, isolated in the usual manner (2), welghed

The3 g (92.5% yleld), with m.p. 65=-85°, (@D = +42°

(¢cy 2.5 in chloroform). Anal. Cale. for C33Hu001733:

S; 11.93%: Found: S, 1ll.66%.

The Chromatography of Tosyl Esters of Sucrose on Paper
Impregnated with Silicic Acid

The paper was prepared using the method described

by Marinetti, Erbland and Kocken (;8), except that Whatman

No. 3 paper was used. Silicie acld, 300 g was dissolved 1in
one liter of 7.2 N sodium hydroxide. The solution was then
made up to 1.7 liter. Strips of paper (4 in. wide) were
immerséd in the soiutlon and hung over the tray which
contained the sodium silicate solution. When the excess
soclution had dripped off the paper, it was immersed in 6 N
hydrochleric acid, cooled to ho, kept i1n a tray for 30 minutes,

then washed in running water, and, finally, in distllled water.
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The paper strips were dried and the adsorption capacity of
the silicic acid was regenerated by heating the paper stirips
at 120° for one hour.

The samples were applied to the paper in the usual
manner, The chromatograms are developed using the "deseending"
nethed with the solvent systen, diisobutylketone; acetic acid;
water (40:25:5) (51). Ten to twelve hours were necessary for
the solvent front to advance L0-50 cms., The developed paper
strips were dried and tirte tosylsucroses detecied by lmnersing
the paper strips in 0.01% aqueous solutlion of Rhodamine 6G (51).
The wet paper strlps were iﬁéﬁ@ﬁ%&d in a dark room under
ultraviolet light, where the various tosylsucroses appeared
as coiored fluorescent épots on a yellow badkground; \

Both "tritosylsucroses” prepared at 0° and at -18°
produced spots at R, values 0.06 {faint), 0.1lj, 0.38, 0.6,
and 0,65,

The Silicic Acid Column Chromatography of "Pritosylsucrosel
The silicilc acid, 200 g, was packed as a slurry in

chloroform in a 2.5 cm diameter column. The ":ritosylsucrose”,
9«10 g, was dissolved in 20 ml of chloroform and applied to
the top of the column. The column was then developed with
the same solvent system used for the chromatograms on paper

impregnated with silicic scid. When the new solvent had
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displaced all the chloroform from the column, 3 ml fractions
were collected at a rate of one tube every two minutes. A
total of 110 tubes were collected. Further eluent was free of
non-yolatile material. The tubes were examined by spothing
on paper (Whatman No. i) and dipping the paper in aqueous
Rhodanine 6G Solution. Flve different zones were apparent

in the serles of tubes. After combining the tubes within
each zones, the solvent was removed in 'vacuo" and the
weights of the residues determined. The results are glven

in Tables I(Page30) and II (Page 31). Crystals were deposited
in fraction D whieh proved to correspond to a fraction of the
di=0=tosylsucroses. 1In the case cf the tritosylate prepared
at 0°, the erystalline substance was collected before
evaporation of the solvent. The extremely fine needles,

0.92 g, meps 101=106°, were extremely soluble in me thanol

but sparingly soluble in water, ethanol or chloroform. After
three recrystallizations from water, the compound melted at
108-116°, K], +4° (¢, 1.60 in ethanol). The compound
only reduced Fehling's solution aefter acld hydrolysis.

Anal. Calce. for 62633h015s2: g, L7.8%; H, 5.22%; S, 9.+85%e
Founds C, LT.2%; H, 5.29%; S, 10.1%. The experiments
described below established the compound to be 6y 6" =di=0=

tosylsucrose.



- 27 -

gu6'-Dideoxy-616'-diiodosucrose Hexaacetate

6,6'-D1-0-tosylsucrose, 0.1 g, was dissolved in one
ml of dry pyridine and two ml of acetlic anhydride and left
at 40 for two days. The acetate product, 126 mg, was
jsolated in the ususl manner. The amorphous solid has resisted
crystzllization thus far. The substance, 76.5 mg, was
dissolved in 1.5 ml of 10% sodium iodide in acetone and the
scluticn was heated at 120° for 16 hours. The sodium tosylate,
36,2 mg, which precipitated, represented a replacement of two
tosyloxy groups., The syrupy product, 59.2 mg, was isolated
in the usual manner., Its nuclear magnetlc resonance spectrum
was devoild of signals for the sromatic and Cemethyl hydrogen
atoms of the tosyl group. Anal. Calec. for Cauﬂ3201512:
I, 3l4i%. TFound: I, 29.37%

Monolodomonodeoxy=O=tosylsucrose Hexaacetate

The gyrupy di-O-tosylsucrose (fraétion D), 2.12 g,
remsining after removal of the crystalline 6,6'=-di-0-tosyl=~
sucrose (see above), was acetylated and the product was
subjeeted to the sodium iodide iIn aecetone treatment, The
amount of sodium tosylate recovered represented a replacement

of 1.1 tosyloxy groupe.



The Reactlon of Tri-O-tosylsucrose A and B wlth Sodium Iodide

Acetylated samples of tri—O—tosylsacrose fractions
A", 135 mg, and "B", 128 mg, were treated as described
above with 10% sodium fodide in acetone. The amounts of
sodilum tosylate recovered were 49.7 mg, and Ll.6 ng,
respectivelys These amounts represent the replacement of
1.87 and 1.63 tosyloxy groups per mole, respectively.
Anal, Calce for CpgH3¢0y4IpS: I, 30.7%. Found: I, 28.67

( fraction "A") and 27.8% (fraction "B"),

The Periodate Oxidation of the Tri-O-tosylsucrose "A" and "B"
To a sample of the ester, 0,05 millimole, dlssolved

in 80 ml cf glacial acetic acid, 10 ml of 0.25 N sodium
metaperiodate was added and the solution was made up to 100

ml with water. Aliquots, 10 ml were taken at suitable time
intervals and reacted with 5§ ml of 10% potassium lodide in

a stoppered Erlenmeyer flask and left aside for one minute.
Sodium thiosulphate, 10 ml of 0.1 N, was pipetted lnto the
flask and the excess thiosulphate was determined by titration
to the starch end point with standard 0.005 N iodine

solution. Periodate was not comsumed.in the clank determinations.
The periodate uptake by fraction "A" was 0.61, 1.53, 2.02, 2.18,
241, 2.78, and 2.82 moles of oxidant per mole of "A" after
0.5, 1.0, 10, 18, 32, 85, and 108 hours. The periodate
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uptake by "B" was 0,49, 0.5, 0,98, 1,18, 1.59, 1,72 , and
1.75 moles of oxidant per mole of "B" after 0.5, 1, 10, 18,
32, 85 and 108 hours.

The Ditosylation of Sucrose

| Sucrose, 3.2 g (0.1 mole), wes dissolved in
600 ml of dry pyridine and cooled to 0%, Tosyl chloride,
38 g (043 mole), was added and the reacilon mizture was kept
at 0° for five days, .The reaction mixture was then shaken
at room temperature with 5 ml of water for 30 minutes, The
excess pyridine was removed in vacuo at 40° to leave a thick
syrupe The syrup wes dissolved in one liter of chloroform
and washed with 200 ml of iceecold 2 N sulphurle acld
followed with 200 ml of water. The chloroform solution,
after drying over anhydrous sodium sulphate, was evaporated
to a dry amorphous solid, 56 g (86% of theory).

Chromatography on silicle acidwimpregnated paper

revealed three components of Rf:values; 0,13, 0,38, and 0,60,
Column chromatography on sillcic acid of ten grams of the
material allowed the isolation of the fractions described

in Table III, page 32. -
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Detosylation of 1;§&6'-trioo-tosylsmnrose - (FRACTION A) »

1:2:3,6:3;6'~tr1an§ydrosucrose Diacetate

Chromatographed tri-Oe«tosylsucrose A (see Tables

I and 1II), 200 mg, was dissolved in methanol N in sodium
methoxide and the solution was refluxed for 30 minutes,
The reaction mixture‘was eveporated to dryness and the
residue was shaken with boiling pyridine, 50 mi, for 15
minutes. After the mixture was cooled to 09, 10 ml of
acetic anhydride was added. The syrupy product, isolated
in the usual manner, crystallized on trituration with
methanol. The yield was Tl.6 mg (77.4% of theory) of
1:2:3,6:3:6'-t§1anhydrosucrOSe diacetate, m.p. 179-181°:
[Jp = +127.4° (e, 1.22 in chloroform). The structure of
this compound was éstablished a8 described on pp. 35 = [O.

Detosylation of Crude “tritosylsucrose” - The Formation of

1:2:3,6:3:6'-Trianhxdrosucrose (IX)

"Tritosylsucrose”, prepared by the method of

Hockett and Zief (2), 175 g, was dissolved in one liter of
M sodium ethoxide in ethanol and the solution was refluxed
for one hour. The residue obtained after evaporation of
tha sthanel in vacuo, was partitioned between 756 ml of
water and 250 ml of chloroform. The aqueous layer wasv

extracted again with 50 ml of chloroform which, after washing



- 3 -

with an equal volume of water, was combined with the main
chloroform extract. Evaporation of the chloroform gave
22 g §f da?karown Syrup, the composition of which has not
been investigated further than establishing the presence
of sulphur. The combined aqueous extrécts were extracted
continuously with ether for two weéksg Evaponatioﬁ of the
ether extracts left a reSidug which on crystallization from
ethanol gave 1.78 g (3.5% overall yield) of crude trianhydro-
sucrose m.p. 158-160°. Two further recrystallizations from
ethanol afforded the pure compound, 1:2:3,6:3;6—trianhydro-
sucrose (II), m.pe. 163~164.5°, anb +117° (e, 079 in water).
Anal. Cale. for Gy gH, (Ogt C, 50.00%; H, 59%, Founds
C, 49.73%; H, 5.75%. . |

The diacetate of-1:2:3,6:3;6—trianhydrosucrose
was prepared in the usual manéep;,using acetic anhydride
and anhydrous sodium acetate. tThe;compound, m.p. 181.5-182.5°,
[gJD +128.6° (¢, 1.8 in chloroform) was isolated in the
usual manner and purified by recrystélliZation from ethanol.
The molecular weight was determined by the Rast method and
was 362 g (theory = 372 g). Anal, Calc. for CieHo0%0¢
C, 51.61%; H, 5.,41%; sapon. equiv., 186.2. Found; C, 51.53%;

H, 5-3’.‘.%; Sapon. eau.iv., 185.
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The Structure Flucidation of the Trianhydrosucrose (II) as

1;233,6:3;6'~Trianhzdrosucrose
- The acid hydrolysis of trianhydride II was

performed in the following manner (see riguﬁéla) page 6l

A sample, 0,053 g, was dissolved in S ml of 0,01 N hydroe
chloric :acld at 25°¢ The change in rotation of this

solution was obsgerved at intervels and the rotation became
constant after ‘8 hours, The final sSpecific rotation of this
solution, based on the concentration of ﬁrianhydride II_at
the start of the hydrolysis, was +87° (e, in 0,04 N hydro=
chloric acid), -Sucrose in 0,04 N hydrochloric acid at 25% -
requires aspproximately 1600 hours {52) -for 99,99% inversivh.
The sclution wae delonlzed by percolating through a small
column of Dowex 1X8 anion exchange resin (quaternary ammonium
type) and evaporated in ggggé:to a syrups Sih.6 mg. Paper
chromatography (nebutanol-water) of this syrupy product

showed only one main component of R, value = 0,36, when
examined with aniline phthalate spray reagent (53). A falint
streak was also present from the origin to Rf = 0.45. The
material was chromatographed on a Celite 535 column, 25 g,

in the manner described by Lemieux, Bishop and Pelletier (54).
The main band gave 39.1 mg of material, [xJ, = +.87° (c, 0.69

. in water), R, = 0;36 {nebutanol=water), which reduced Fehling's

f
solution. The chromatographically pure hydrolysate {IIL) has
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thus far resisted erystalllzation,

Periodate oxidation of compound (III); in.
0,025 N sodium metaperiodate at 0°, consumed 1,73, 1.85,
1,88, 1.90, 1,92, moles of oxidant per mole after 2, 10,
60, 120, and 720 minutes, Tltration of the reactlon
mixture, after destroying the excess periodate with ethylene
glycol, indlcated the formation of one mole of acld per mole
of hydrolysate (III) oxldized, However, no ioramlc acld nor
formaldehyde could be detected using the followlng method.
A weighed sample of the compound, ca. 0.05 millimole,'
dissolved in 2 ml of 0.2 M s8odium metaperiodate and left to
oxldize for the required time. When the oxidation has
progressed to the desired éxtent. the oxlidation mixture 1s
quantitatively transfered into the "micro vacuum distillation”
apparatus described by Grant (55), and the solutlion is frozen
in an acetone dry-ice mixture. The apparatus is then
evacuated to less than 1 mms The arm of the apparatus which
contains the frozen reaction mixture is then removed from
the freezing mixture and the other arm 1s kept in the
freezing mixture until all the volatlle components have
sublimed to the cold portion of the apparatus. The |
distillate, after thawing, 1s quantitatively transferred to
a 25 ml volumetric flask and aliquots are titrated with
standsrd 0.01 N sodium hydroxide to estimate the total



amount of aclid present in the dlstillate. The acid can

be convenlently characterized by converting a suitable

aliquot to sodium salt, l«2 mg, and dissolving, the salt

in 4 ml of 10% aqueous potassium bromide, freeze~-drying

and pressing the residue inte a window in the usual manner
(56), The sodium salt of formlc acid 1s identified by

its infrared spectrum, The formaldehyde content of the
destillats 1s also conveniently determined colorimetrically
using the chromotroplc acid reagent (57).

The above method gave the following results on known compounds,

Formic acid Formaldehyde
moles/mole moles/mole
D=sorbitol 34905 1.88
Deglucamine
l-amino sorbitol) 2.94 0.92
D=glucose dlethyl mercaptal 2.81 . 0492

A sodium borohydride reduction of compound (III) q-~
to compound(IV) (see figure 8 page 6i), was performed in the
following manner. The trianhydride II, 100 mg, was hydroly sed
in 0,001 N hydrochloric acid to constant rotation in order
to obtaln a solution of compound {III). The Solution was
neutralized with 0.05 N sodium hydroxide and then treated
with a twofold excess of sodium borohydride at 0° ror 36
hours. The excess sodium borohydride was destroyed with
acetic acid and vhe resulting solution was svaporated in

vacuo to dryness. The dry residue was acetylated using
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5 ml of acetle anhydride, and § ml of pyridine. The
acetylated produet, 92.l4 mg, was isolated in the usual
mammer and deacetylated in dry methanol, 10 ml saturated
at 0° with ammonia. Paper chromatography of the crude
reduced product (IV), 60 mg, indicated a main component of
Rf = 0,26 (butanolewater). There was also a falnt streak
from the origin to Ry, = 0,28, This syrupy product was
chromatographed on a 25 g celite column in the usual
manner (54). The isolated product (IV) did not reduce
Fehling's solution and failed to crystalllizes Periodate
oxldatlon of compound {IV) in 0,025 N sodium metaperiodate
at 0° consumed 1.8, 1.85, 1.91, 1.95 and 1,96 moles of
oxidant per mole after 2, 15, 30, 60, 120 and 720 minutess
No formlec acid nor formaldehyde was produced in this '*iq.”
oxidation., Periocate oxidation of eﬁythritan (58) (1,4~
anhydroerythritol) in 0,25 N sodium metaperiodate at 0°
consumed 0.95, 0,97, 099, 099, 0,99, and 0,99 moles of
oxidant per mole after 2, 5, 10, 30, 60 and 120 minutess
However, oxidation of threitan (58) (1,4~anhydrothreitol)
in 0.025 N sodium metaperlodate at 0° consumed 0.135,
04153, 0.168, 0,210, 0134, 0.930 and 0.99 moles of oxldant
after 2, 5, 15, 70 150, 660 and 1320 minutes.

A dihexitol ether (V) (see Figure V), was obtained

in the following manner. The crude acetyl derivative of
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compound (IV), 96 mg prepared as described above from

100 mg of the trienhydride II » Wag treated with acetic
anhydride, 1 ml, and concentrated sulphuric acid, 0.08 ml,
at 0° for three deys. The resulting acetolysis product-

was 1solated in the usual manner and deacetylated by -
percolating through e column of Dowex 1X8 anlon exchange
resin to yleld 63.8 mg of syrupy polyols This product was
chromatographed on & 25 g Celite column (butanol=water) {Eh).

The main band, R, = 0.2}, afforded 39.7 mg of crystalline

by
dihexitol ether (V), mape 105-109°. After two recrystailiz-
ations from ethanol, the m.p. Was 110-114° (dimorphic),
,Z}&JDZS - 12.69'(c,‘0.u8 in water). The perlodate oxldatlon
of (V) produced 5 moles of formic acid and 2 moles of
formaldehyde per mole, based on the assumption that the
compound corresponds to structure (V) (see Figure &, page 6l ),
2=( § ~hydroxy ethoxy ) =1, 3=propanediol, compound \
(ViI), was :obtained by the following procedure, The’
dlhexitol ether (V), 20.2 mg, was dissolved in 2 ml of
0.11 M sodium periodate and left to oxidlze éb a final
rotation of 0°.prasumably forming the intermediate.compound
VI {see Figure 8;-page 6l ). Excess sodium borohydride,
250 mg, was added to reduce the oxidation produet VI and
toe solution was left for 18 hours before acidification

with acetic acid to destroy the excess sodium borohydrides
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The resulting solution was evaporated in vacuo to a dry
cake which was acetylated with acetic anhydride in
pyridihe in the usual manner to yleld 12,1 mg of syrupy
acetate. This syrupy acetate was distilled at a bath
temperature of 125«135° and 0,3 mm pressure to yieid

8.2 mg of yellowish syrup. The infrared spectrum of
this syrupy acetate was almost identical with thap of
Ea{fgehydrczyethczy)=l,3=prcpanediol trlacetate prepared
by an identical treatment of polygallitol (1, S-anhydroe
sorbitol). The syrupy triacetate was then deacetyla ted
in absolute methanol, 3 ml, saturated with ammonia at 0°,
The resulting syrupy triol (VII) was chromatographed on
Celite in the usual manner (84). The main product,
2~(hydroxyethoxy)~l,5-propanediol (VII) had the same Res
0.48 (butanole-water), and identlcal infrared spectrum as
the authentic specimen prepared in a simllar manner from
polygallitol (VIII) (see fig. 5)¢ Reacetylation of the
triol (VII) gave a product which gave a spectrum identical
to that of the authentic triacetate prepared from poly=

galllitol,

The Stabllity of 1:2:3,6;3;6'—Triangxdrosucrose in Bases

The trianhydride (II) remained unchanged when
héated at 100° in 25% potassium hydroxide for 24 hours as -
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in 85% hydrazine at 100° for 36 hours. Similarly, the di-0-
tosylate of (II), m.pe. = 1L64~166%, when heated with 10%
sodium lodide in acetone or with hydrazine in a sealed tube

for 2§ hours, remained unchanged.

g!d;'-Dl-O-Metgxl-lzzzggéz};6'-Téianhydrosucrosa

Trianhydride (II), 200 mg, was methylated by

treatment with 10 ml of methyl lcdide end 0,5 g of silver
oxide. The mixture was refluxed with mechanical stirring.
After 15 minutes another 0.5 g of silver oxlde was added
and this procedure wes repeated until a total of 2 g of
silver oxide was added., After refluxing overnight, the
silver oxide was flltered and washed several times with
bolling ethanol. The combined filtrates were evaporated and §§§§§§m
the residue was decolorized with charcoal. The compound
erystallized after trituratlion with ethanol. After one
recrystallization from ethanol, the yleld was 147 mg of di-O-
methyl trianhydrosucrose, M.pPe 179-1810, Z%C&>= +lh0°
(cy 149 in chloroform). Anal. Calce. for'clhﬁaooes methoxyl,
19.68%; Found: 19.78% and 20,05%.

The acetolysis of the u,u'~di~0-methyl-l:2;3,6;3'6'—
trianhydrosucrose, 66 mg, by treatment with acetlec anhydride,
1 ml, and concentrated sulphuric acid, 0.03 ml, at 0° for

18 hours in the wsual manner, gave 35.6 mg of. ayrupy product,



after deacetylation, Attempts to isolate either Lsmethyle
Deglucose or lj~-methyl~Defructose from the product failed,
probably because of the inability of the acetolyzing
agent to cleave the 1,2 ether type linkage of this trie

anhydrosucrose mole cule,

}L&lé'gTri—O-Tosx}sucrose Pentaacetate (IX)

2,2:3,3:6apentae0aacetylsucrcse,«Has proparsd byT
the method described by McKeown, Serenius and Hayward (L),
This compound, me.p. 155-156°, I§<]D +22° (e, 3e1 in chloroform),
was treated with a twofold excess of tosyl chlorids in dry
pyridine for one week at 5°. After this time, the excess
tosyl chloride was decomposed by the addition of water and
the solution was paured as a fine siream into a large excess
of cold water. The'amorphcus white precipitate wus washed
first with 2% hydrochlorlc acld and finally with water,
The dry amorphous product (IX), m.p, 85+91%, was obtained
in 91% yield and resisted erystallization, Anal, Calec, for
Cyy 3850022535 Sy 9.45%; Found: S, 9.12%.

The sucrose tritosylate pentaacetzte (IX), 400 nmg,
was heated at 100° for 17 hours with 1 g of sodium iodide
in 25 ml of acetone. The smorphous product, 378 mg,
(89% yie2d), isolated in the usual manner, possessed an
iodine content, 12,92%, near that expectéd (12.81%) rfor

nmonoiodomonodeoxysucrose ditosylate pentaacetate.
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The Detosylation of.l:u,6'*TriaoaTogylsucrose Pentascetate IX, =

The Formation of 3,6wAnhydro=X<DeGalactosyl-l,lis3,6é=Dianhydro=

g «D=Fpructosids (X)

a2

The sucrose tritosylate penbtaacetate (IX), 15 g, was
added to 200 ml of N socdium sthoxide in ethanoli The solution
was refluxed for two hours and the ethanol was removed by
distilletion under vacvum, Examination of the residue by
paper chromatography revealed that the tritesylate (IX) was
converted in high yleld to a substance with R, 0436 (butanole
water). Ohly traces of two other products wlth higher Re
values could be deteated. Thé recidue was dissolved in water
and the dark-brown sclution was extracted with ethylemethyl
ketone contimucusly for one weeke ?&aporation of the solvent

left 1.5 g of a residuse which proved.-to contain socdium

tosyiate. The substance was consequently delonlzed by “n.‘n

percolating an agueous solution first through a bed of
quaternary ammonium type resin (Dowex 110} and then through
a bed of carboxylic acid type resin (Amberlite IRC-50~H).
Eveporation of the water in vacuo left a erystalline residue
which was recrystallized from ethanol. The yield of pure
materisl (X), was 0.86 g. The infrared spectrum differed
markedly from that of the trianhydrosucrose (II) both wken
determined as Nujol mulls and in potassium bromide windows,
Anal. Celec. for CqpHyg0g: Cy 50.00%; H, 5.59%. Found:

Cy 50.00%; H, 5.72%.
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The diacetate of trianhydrosuerose {(X), msPe
137.5~138.5°, ExJD.+9h.3° (c, 2 in chloroform), was prepared
by heating with acetic anhydride and socdium acetate in the
usual manner. Anal. Gelc. for C; H,,0,,: C 51,51%;

H, S.41%: Sapon. squiv., 186.2, Found: C, 51.42%: H, 5.50%:

Sapon. equiv., 185,

The Die0-Methyl Derivative of Compound X

The compound X, 200 mg., was added to 10 m} of
methyl lodide contalning 0.5 g of silver oxide, The
mixture was heated under reflux with mechanlcel stirring,
After 15 minutes a second 0.5 g of silver oxide was added
and thls procedure was continued untll a total of 2 g of
stlver.oxide was added, After refluxing overnight the
silver oxide was collected by filtratlon and washed several
tlmes with boiling ethanol, The combined filtrates were
evaporated and the residue was decolorized with charcoal
and erystallized from ethanol, The yleld was 150 mg.,
MoDs 105-1069, ERJD +48.6 (¢, 145 in chloroform),

Anal, Cale, for Cth2O°8= methoxyl 19,62, Found: methoxyl

19.5;, 137

Some Chemical Properties of Trlanhydrosucrose {X)

The compound (X) was heated 2t 100° in 25% aqueous

potassium hydroxide for 2l hours. The solution remained
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colorless and chromatography of a sample of the solution

on paper showed compound (X) to have remained unchanged.

When (X) was @issolved in 85% hydrazine and heated at 100°
for 12 hours, the substance simply recrystallized unchanged.
Compound (X) was dissolved in 0,01 N hydrochloric acid and
the solution was kept at 23°. Aliquots were removed at
various time intervals, nsutralized with sodlum hydroxlde
solution and the neutral solution applied to paper for
chromatography (butanel-water). The substance was extensively
degraded to materials wnich appeared as a streak, Rp 0.2-0.75,
after 5 minutes of reaction time. Compound (X) was unaffected
by Fehling's solution and was completely reslstant to
periodste oxidation at pH 8 and higher at room temperature

for three hours. However, it 8id not survive treatment with
periodate at pH 5. The substance; spotted on paper, was B S@hqh.
highly resistant to the periodate-permanganate Spray reagent
of Lemleux and Bauer (59). The ditosylate of (X),

mep. 158-159° (Calc. S, 10.75%, Found: S, 10.95%), wes
prepared in the usual manner. The compound was unchanged
both by 10% sodlum lcdide in acetone and by 85% hydrazine

at 100°. MethyloEgh-di-O-mesyl-B,6~anhydro-‘K «D=galactoside

has been shown (60) to be resistant to sodium iodlde.
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The Proof of Structure of Trlanhydrosucrose (X) = The

o methyl«Pe«galactose

The di-O=-methyl derivative of (X), 50 mg, was
dissolved in'l ml of acetlc anhydride and 0,03 ml of
concentrated sulphuric acid at Oof The“solution was stored
at 52 for 24 hours, during which time 1t developed a'darké
gresen coloration, ‘The solution was poured into an lce-
water miiture tO‘QBCOMPOSe the excess acetic anhydride then
the agueous mixture was extracted withiéhioroform. The
chloroform solution was freed of acetic acid by washing wivh
aqueous sodium bicarbonate (saturated) solution and dried
over anhydrous sodium sulphate. Removal of the chdopr&form
in vacuo left a syrupy residue, 45 mg, which was dissolved
in 50 ml of hot water for deacé%ylation by percolating
. the solution through a column (45X8 mm) of strongly vasic
resin (Dowex 1X10) followed by elution with 40O ml of water.
Evaporation of the water in vacuo gave a syrup which showed
components with Rf values of 0.29, 0.36 (trace), and 0.6l,
when chromatographed on paper (butanole-water) using aniline
phthalate spray reagent (53) to detect the position of the
material on the chromatograms.. The mixzture, 28 mg, was added
to the top of a Celite column (500X20 mm) for the partition
chromatography using n-bubanol-waisr 8y stem in the usual

manner (S4). The effluent was collected in successive 5 ml
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fractions and the componsnt with R, = 0.6l was detected

in fractions 19 ;tqg?B‘énd that of Bf = 0,29 in fractions
37 to 43« The appropriate fractions were combined and
reduced to dryness in vacuo. In each case, the residue
crystallized, The subétanee of Ry = 029, 10 mg,’possesséd
an ilnfrared spectrum identical in every detall to that of
an authentic sample of 2,lj=~di«O=methyleDsgalactose (61),

The identity of the material was conflrmecd by the preparation

of 1ts anilide, m.ps 214:5-216°, [«], =162° (¢, 0il in
pyridine), the meiting point of whicih was unchanged by
admixture of an authentic_sample of the anilide (61) of 2;i~
-183°

1}

di=0O-methyl=D=galactose, M.pPe. 21.5,5=216%, [;‘JD
(pyridine), The infrared spectra of the two anilides were
identiecal, The component of Rr = 0,6l, obtalned in 15 mg
yield, undoubtedly was 2,l4~di-0-methyl=3,6«anhydrosDs
galactose which survived the acefolysis, since the compound
was converted to 2,lpedie0-methyleD=galactose (identified by
paper chromatography) by the procedure described abovo

for the acetolysis of the diwO-methyl derivative of trie

anhydrosucrose (X).

The Tosylation of Suwerose using Sodium Hydroxide

~

The Tritoax}ation of 3uerose by the Ususal Schotten-Bauman Procedure

Sucrose, 3.2 g, (0.1 mole), was dissolved in 60 mi
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of 6 K sodlum hydroxide (25%:solutioh) and the solution was
cooled to 0% using an ice~water bath. Tosyl chloride, 57 g,
(0.3 mols) was dlssolved in 50 ml of a sultable solvent
(sée tatle IV page 50), and added dropwlse over a period of
30 minutes to the vigorously atirred*aqaeous phése of the
reaction, The reaction vessel was kept half'submergeg in.
the ice~water bath and the-stifring-was continued untiiv
30 minutes after completion of the addition of the tosjl
chloride solution. The pH of the solution was tested wlth
pH Hydrion paper from time to time and addiﬁionai 10 mi
aliquots of the 6 N sodium hydroxide solution were added 9 |
when reguired to maintain the pH of the reaction well above ‘QEF.M.Q
10. After the completion of the reaction tlme, the excess
sodium hydroxide remaining was titrated with standardized
6 N sulphuric acld to estimate the amount of base consumed
during,the*reactioﬁ. |

The amount of base consumed in excess of 0.3 moles
was a measure bf the competing hydrolysls reaction and perhaps
also the detosylation reaction (which both require in the
overall reaction two moles of base per mole of tosyl chloride
involved)es Consequently, the number of moles of tosyl
chloride that are involved in the esterification reaction
only and that can account for the yleld of ester may be

ostimatede The product was isolated by extraction with
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chloroform, 300 ml. The chloroform was washed with water,
200 ml, dried over anhydrous sodium sulphate and evaporated
in vacuo. The results of six such experiments are reported
in Table 1V, page 50, with the various conditions of
reaction. Other experiments, where other solvents and
operationh cohditlons were used, gave even poorer results
and are not reported here, |

To estimate the amount of unreacted sucrose
presént in the agueous phase (and washings) of reaction I,

tion

[ 2]

the following provedurs was followsde The optlcal rots
of the aqueous phase was measured, + 7.25 (average of 5),
and from the specific rotation of sucrose in water taken

as + 66;7%& the concentration of sucross per 100 ml of ﬁ“%gaa

solution was calculated from the formulag

Ebg = X x 100 = + 66T = 7«25 x 100
D l x ¢ 2 X ¢

g per 100 ml
1 = length of tube (dem)

where c

X = observed rotation

hence

= *+Z7.25 x 100 _ ¢, 100 ml.
¢ 2 X 66.7 5 141 € per

Since “he total volume cf solution was 275 ml, the

total amount of unreacted sucrose was 14.88 g. This
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represented 43:5% of the sucross present at the start of

the reaction (3.2 g)e

The Tosylation of Sucrose Using a Celite Column to Support

THe Aqueous Phase

A « With Three Moles of Base per Mols of Sucrose

Sucrose, 3.2 g (0,1 mole) and sodium hydroxide,
12 g (0.3 mole), were dissolved in 4O ml of carbon dloxlde =
free water and completely mixed with 50 g of dry acid~
washed Celite 535, This was packed in a 4O mm diameter
column as a slurry in chloroform. Tosyl chloride, 60 g
(0.3 mole), was dissolved in 90 ml of chloroform, the
approximate volume required to displace all the chloroform
already on the column. The tosyl chloride solution was
forced through the column rapidly until the tosyl chloride
solution wes uniformly distributed throughout. The column
was left aside for 18 hours and then eluted with chloroform,
600 ml. The produet was found to be contaminated with a
slight amount of unreacted tosyl chloride;' Pyridine; S5 g.
(.06 mole), was added to destroy the tosyl chloride (slight
evolution of heat), The cold chloroform solution was then
washed with N sulphuriec acid, 700 ml and then with 200 ml of

a seturated solution of sodiuvm vicarbonate. After drying



S

over anhydrous sodium sulphate, the chloroform solution
was evaporated in vacuo. The yield was 43.8 g, 5;.3%
(theory 80.4 g)e Silicic acid—impregnatedwﬁaper
chromatography of this product gave spots at Re 0.8 to
0.95 indleating a high degree of tosylation.

B« With One Mole of Base per Mole of Sudrose

Sodium hydroxide, 4 g (0.1 mole), and sucrose,
3.2 g (0.1 mole) were dissolved in 20 ml of waters This
solution was thoroughly mixed with S50 g of aclide~washed
Celite 535 and slurried into a Y} cm dlameter column using
chloroform. - Tosyl chloride, 19 g (0.1 mole) was dissolved

in 50 ml of chloroform and added to the top of the column. .

Elution of the column was controlled at 1 drop per second.
Heat wae evolved st the front of the advancing tosyl
 chloride solution so that 1ts progress down the column

was easlly followed. One hundred :ml of chlorofcrm was
colleeted before the first traces of unreacted tosyl
chloride appeared in the eluent (2 hours). The next 1C0 z1
of eiuent was found to éontain only tosyl chloride, L3 g
(25%). The next 200 ml of eluent contalned 6.7 g of
highly tosylated tosyl ester,'Fraction A. The following

200 ml of chloroform contained no product. Flution with

1,00 Ml of acetone produced 12.5 g of tosylsucroses Fraction B

=



somewhat eontaminated with lnorganic salts. Silicle acld
impregnated paper chromatography of Fraction A gave a
streak from R, 0.65 to 0.87 denoting a hizh degree of
substitutlion while fraction B gave only two spots at

R, 0.04 and 0.15, probasbly corresponding to mono- and

£
di=-0-tosylsucroses.
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DISCUSSION OF RESULTS

1y » A Chromatographic Analxsis of the TogI;VEsters of Sucrose

"Tritosylsucrose , Bamples, prepared by the method

of Hockett and Zief (2) both at 0° and at »18° were amorphous
prodﬁcts, Théir chemical heterogenéity was established by
chromatography on ﬁaper impregnated with silicle acld (51)
using diisobutylketonesacetic acld: water as solvent (35),
The zones were located by dipping the paper in an aqueous
solution of Rhodamine 6G'§51)Q. Fluorescent spots were
observed under ultraviole% light at R, values of 0,15, 0,40,
0.65, and 0,90, It was established that these spots
corresponded to zones of die,'trQ,, tetra= and penta=O=tosyls .ﬁhhﬁg
sucroses, respectively, by paper chromatographic examination
under the same conditions;of the components which: were-isolated by
preparative chromatography on & column of silicic acld using
the :same solvent system and which were analyzed. This paper
chromatographic technique proved extremely useful for a
rapid preliminary inspection of a product and the establish-
ment of an appropriate solvent system for column chromatography .

| The column chromatograms allowed the isolation of
fractions that require the so=called "sritosylsucrose”
prepared at 0° to be, chemically, a highly heterogeneous

substance contalning penta-, tetra-, tri-, and dl=0=tosyle
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sucroses in the molar ratlos 0.05; 0.33: 1 : 1, respectively
(see Table I page 30). The tri-O-tosylsucrose fraction

could be resolved into two sﬁﬁgfractions which comprised

299% (triéO—tosylsucrose A) and 13% (tri-O-tosylsucrose B)

by weight of the original ";ritosylsucrose", Both these
fractioné.have thus far.resisted crystallization. Their
sulphur contents were in good agreement with that exrected

for suecrose tritosylates. That the substances were in

fact différent was obvious from the following properties.
Whereas the A=fraction gave a yellow fluérasaence with
Rhodemine &G, aud readily consumed 2.82 moles of psriodate ;igugaa
per mole, the B=fraction produced a pink fluorescence and |
consumed only l.75 moles of periodate per mole. Further-

more the A«fractlion and the Befraction underwent'replacements
of 1.87 and 1.63 tosyloxy groups, respectively, when treated
with sodium lodide in acetone. These results clearly indicate
that both fractions sre mixbuves of tritosylated sucroses.
However, the high periodate comsumption.by the A«fraction
shows thet 1t must be mainly (about 78%) 1:6,6'-tri-0-
tosylsucrose. Thls conclusion was substantiated by the
formation of 1;233,6;3:6'-trianhydrosucrose in 77.4%

yield on treatment. of the A=fraction with N sodium methoxlde

in methanol. These results provide unequivocal evidence

that the trianhydrosucrose II (see figure 8, page ay}
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obtained from the detosylation of the crude "tritosyle
sucrose”", in fact arises from the 1:6,6'-tri-o-tosylsucrose.
The di-O=tosylsucrose fraction deposited a 10% |
overall yield (by welght) of erystalline compocund
( fraction C), m.p. 108-110°, ERJD = +5h° in ethanol. . The
sulphur content corresponded tc that expected for di-0=-
tosylsucrose and the compound only reduced Fehling's
solution after aecid hydrolysis. The compound was acetylated
and the acetate derivatlive, on treating wlth sodium iodide
in acetone at 1006, produced a substance with an lodline
content expected for diododideoxysucrose hexaacetate. Also,
the nuclear magnetic resonance spectrum of the diiodo |
compound was devold of the signals characteristic for the
tosyl group. These properties requlre that the crystalline
fraction C be the 6, 6'-d1-0-tosylsucrase. The syrup
(fraction D) which remained after the removal of the crystale
line 6,6'-di-0-tosylsucrose, had a sulphur content close
to that expscted for a sucrose ditosylate (see Table I)e.
Treatment of the hexaacetate derivative of fraction D
with sodium iodide in acetone replaced only 1.10 of the
tosyloxy groups. This result shows that the 1'-hydroxyl
group and perhaps certain secondary groups can compete
favorably with the 6 or 6'-hydroxy1 groups during the

tosylation reaction. It will be seen later on that the
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competition is undoubtedly mainly from the 1'-position and
that, consequently, the di-O~tosylsucrose fractions

(C and D combined) may be almost entirely composed of

not too greatly different amounts of 1:6-, 1;6'- and 6,6'-
d1~0~to§ylsucroses.

The substances isolated from the other two bands
of the chromatogram possessed sulphur contents in good
agreement with those expected for teira- and penta=Owtosyl=
sucroses. The results of the chromatogram are listed in
Table I page 30 and the course of the tosylation is
deseribed in Figure 6 page 58:

A consideration of Figure 6 shows that the
soecalled "tri-O=tosylsucrose" does in fact contaln
1)6,6'~tri-0~tosylsucrose as the main component. However,
the compound is only present to an extent of about 0.29 moles
per mole of sucrose reacted. The fact that this compound
was formed in an amount more than twice that of any other
trleO-tosylsucrose shows that the 1'=position is substantially
more reactive than any secondary hydroxyl groupe Consequently,
as was dlscussed above, the uncharaecterised di«O-tosylsucrose
( fraction D) can be expected to consist mainiy of 1:6- and
1;6'-di-0-tosylsucrose. In this respect, it is of interest
tc note thaot Hockett and Downing (20) found 2, 3;4,6-d4i~0-

$ sopropylldine-L-@orbose to undergo tosylation half as
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FIGURE 6

—> Di-0O-tosylsucrose (6,6'-d5.-0-.-
toaylsucrose), Fraction C

(0.12 mole)

$ Di=C=tosylsucrose, Freaction D

(0.30 mole)

> Tri-0-tosylsucrose, Fraction A
o (78% 1',6 ,6"~tr1~0-tosylaucrose)
(0.29 mole)

sucrose (1 mole) + ‘i

Tosyl Chloride (3 mole) 3 Trl«Q-tosylsucrose, Fraction B
(8.13 mole)

|5 Tetra~O-tosylsucrose
(0.1l mole)

l—3> Penta=0«tosylsucrose

(0.02 mole)

Figure 6 = Distribution of the tosylated sucroses formed
in the reaction of one mole of sucrose th three

moles of tosyl chloride in pyridine at 0.
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rapldly as 1,2:3,4~di=0~1s0opropylidéens Dwgalactose (the
former contalning a prilmary hydroxyi.grdup similar to the
1'~position in sucrose, the latter, one similar to the
6mposition in sucrose). The results clearly render it
unlikely that sucrose can be acylated preferentially

in high yields at the 6 and 6'spositions only. The
tritylation of sucrose has been shown (L) to yleld
116,6"=tri-0-tritylsucrose pentaacetate in 45% yields
Table II page 31 describes the composition of the product
obtained on a tritosylation of 8uecrose at =18%, It is
seen that the course of the reactlon was not appreclably
affected by the lowering of the reactlion temperatures.

The product formed on the ditosylation of
sucrose was analysed chromatographlcally. The results
are presented in Table III page 32 and Figure 7, page 60.
A comparison of the ylelds reported in flgures 6 and T
shows that the ditosylation produced, as would be expected,
a greater yield of 6,6'~di-0~tosylsucrose {fraction C).
The yleld of the other sucrose ditosylates {fraction D)
wass however, about the same as that obtained in the
tritosyiation. This result clearly indicates that the
= and 6'-positions both undergo tosylation somewhat
more rapldly than does the 1'-position. The fact that the

t !
ditosylation produced nearly &as much 1,6, 6 =tri-O=tosylsucrose



Suerose (1 mole) +

Tosyl Chloride (2 moles)

Figure 7 =

FIGURE 7

—> DieO~tosylsucrose, Fraction c

(6,6'-d1¥0*tosylsucrose)
(0021 mole)

— DieQ-tosylsucrose, Fraction D
(0.29 mOle)

—> Tri=0«tosylsucrose, Fraction A

(Mainly 1,6,6 =tri-Oetosylsucrose)
{0.25 mole)

—> Tpi-0etosylsucrose, Fraction B '

(0.16 mole)

> Tetra=Q-tosylsucrose

(0-09 mole)

Distribution of the tosylated sucrosses formed 1in

the reaction of one mole of sucrose with two
moles of tosyl chloride inm pyridine at 0°.



(fraction A) as did the tritosylation readtion clearly
reflects the greater reactivity of the three primary
positions over the secondary positions of suerose. In
conclusion, the above results show that although a
substantlal difference in reactivity between the primary
and secondary hydroxyl groups in sucrose exists, the
difference=is nov as great as earlier workers had -
anticipatéd and these results thereby correct a number
of conclusions regarding the product of tritosylation of

sucrose in pyridine, and the subseguent attempts to

characterise the product, : N%Q!qa

}
2 = The Detosylatlion of 1lé,6'-Tri-0~to§ylsucrose. - The

Formation and Proof of Structure of4;;2;3.6;}:6'—Triannzﬁrosucrose

The formation of 1:2:3,6;3:6'—trianhydrosucrose (IX)
was anticipated on treatment of 1:6,6'-tri~0-tosylsucrose (1)
with base (see figure 8 page ). That this trianhydride was
formed in high yleld by the detosylation of the trie=O-tosyle
sucrose subefraction A 1s presented as evidence that sube
fraction A 1s in fact mainly 1:6,6'-tri-0~tosylsucrose.
Also, in view of the chromatographic analyslis of the crude
"tritosylsucrose’, it is not surprising that alkaline
alecoholysis of the latter produced only low yields of the
1:2;3,6;3:6'-tr1anhydrosucrose'(II).



That trisnhydrosucrose II 1s in fact the
1:2;3;6;3:6'~trianhydrosucrose is obvious for the following
reasons, The trianhydride II was extremely sensitive to
acid hydrolysis. about twe hundred times more rapid Iin 0.0l
N hydrochlorie acid at 25° than sucrose (52), measured
polarimetrically., The initial repid hydrolysis led td a
reducing {Fehling's solution) compound (III), Rp value
= 0.32 = 0.38 {butanol/water), which resisted crystallisation.
The chromatographically pure product of hydrolysis II1I very
rapidly consumed two moles of periodate without formation
of either formic acid or formaldenyde. Since the trianhydride
II resisted periodate oxidation at pH 7 or higher, it was ii!h
evident fhat the acid hydrolysis had liberated two isolated A
K =glycol groups.  Purthermore, the lack of formatlon of
formic acld or formaldehyde showed ths absence of ~CHOH-CH,O0H,
«CHOH=-CHO, or =CB=CH,OH groups. Since the acid hydrolysis |
of trianhydrides II produced readily only one compound (III),
it was apparent that the anhydrization had produced an
other linkage between the glucose and the fructose residues.
It seemed likely that this linkage would be between the
2 and 1'—positions of the sucrose molecule since Helferich
and Werner {62) have shown that the reaction of both the
A and the‘g anomers of 2=chloroethyl D»giucopyranoside
with alkalil proceed with pariticipation of the 2=oxygen

atom to form l1l,2-~0-ethylene derivatives of D=gluco=

pyranose.
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The compound III was reduced with sodium boro-
hydride to a nonereducing substance IV of Rf value = 0,20 -
0.2 (bubanol/water) which, like compound III, very
rapidly consumed two moles of perliodate. Again no formic
acld or formaldehyde was liberated during this oxidation.

The acetolysis (63) of IV and subsequent deacetyle
ation gave a crystalline dihexitol ether V me.p. = 110-114°
(dimorphic), EXJb = «12,6° (in water) which on periodate
oxidation produced two moles of formaldehyde, five mocles
of formie ncld and an aldehydic residue VI which wms
reduced with sodium borohydride to 2«( ﬂ -hydroxyethoxy)«

1, 3=-propanediol (substance VII). The identity of this

triol (VII) was established by its synthesls through the
periodate oxidatlion and subsequent sodium borohydrlde
reduction of polygallitol (1,5~anhydro=Deglucitol (VIII).
These results established the exlstence of the 1,2-aliphatic
type ether linkage between the anhydrohexopyranose and the
anhydroketofuranose residues of the trianhydride II.

The infrared spectrum of trianhydride II gave no
indication of unsaturation and the absence of epoxide ring
was indicated by the substance's resistance to prolonged
treatment both with 25% aikali and 85% hydrazine at 100°.
The ditosylate derivative of trianhydride II, me.pe. 16&.551660
dec., was unaffected by either sodlum iodide in acetone or

hydrazine at 100°.
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Figure 8. - The formation and proof of structure of 1;2;3,6;3;6'-

trianhydrosucrose.



It could then be coneluded that neither of the two free
hydroxyl groups in II were at the 6- or 6'~positioné.

The extremely rapid periodate uptake by
compound III {see figure 8) and by its produet of
reduction (IV ) (909) uptake in 2 minutes in 0.02 X
sodiug metaperiodate ab 0°)_was clearly‘indicative of
cls~ X=glycols (58,6l,65) situated on a five mombered
ring. ‘6onseqaent1y, these resuiis rpeguire that siructurss
III and IV possess freo giemglycol groups at the 445 and
5:5' positions, Compound III showed no absorption in the
infrared, characteristic¢  of earbonyl groups. It seems
probable that the carbonyl groups were masked through the
formation of a hydrate as shown in formula for III ( see
figure 8),

The results reguire that both the glucose and
fructose residues of ecompound III possese 3, f~anhydrorings.
In view of these vings, the fact that the configuration at
the 5 and 5'~positions wore in all likelyhood not affocted
in the formation of trianhydrosucrose II, and the faet that
li= and h'-positions (hydroxyl groups) are in gls-relztion
to thé S and 5'-oxygans, respectively; 1t can be concluded
that conflgurations at the positions 3,4,5,3',4" anda §' in
trianhydride I1 are the same as 1in sucrose. Although -

methyle3, beanhy dro= X=D=glucopyranoside is known readily
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to undergo both X = to 4 =anomerization and pyranoside to
furanoside ring contraction (45) under acid conditions;

there can be no doubt that such anomerization would not occur
under the alkaline conditions used to prepare the trianhydro-
suerose II, Therefore, only the configuration at the
2-position of the glucose resldue was reasonably in need of
verification., Information on this point of structuré was
provided bj nuclear magnotlc resonancs spectra of the
dlacetyl derivative of trianhycrosucrose II. Experience
with nuclear magnetic resonance spectra of sugar derivatives (66)
enables us to aséign a doublet of tobtal intensity one at 76.9
and 79.5 C.psSe. (60 Mc#s) (the lowest fleld signal in the
spectrum) to the anomeric hydrogen of the glucose residue.
The spacing for the doublet was found to be 2.6 ¥ 0.1 copeSe
both et 4,0 and 60 Me/s. This require that the spacing represents
a true spinespin coupling constant. The magnitude of the
enupling is that characteristic for two'neighboring hydrogens
in gauche or skewed relatlonship (67). In vliew of the

3, 6=anhydroring, the glucose residue must reside in that
conformation which possesses the anomeric hydrogen in axial
orientation. It follows, therefore, that the 2-hydrogen 1s
in equatorial orientation since if 1t were 1n axial
orientation, the coupling with the anomeric hydrogen would

have been 2 to 3 times stronger {(67) than thal observed.
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It follows on this basis that trianhydrosucrose II
possesses the conflguration of sucrose.and it could be
predictéd that the compound was formed from 1;6;6'~tri-0~
tosylsucrose. AS wa8 seen earlier on ps 55, the tri-
anhydride (II) is in fact formed from 1;6,6'-tri~0-tosy1-
sucrose. All attempts to obtain l~Cesmethyl-Deglucose

or Q-O—methy1¢D-fruétose'by acetolysis (63) of the h,h'-
di=Qemethyl-derivative of triasnhydrosucrose IIL met with
fallure prqbablﬁ because of the high reslstance of the
1:2'ether linkage to the acetolysis reaction,

It is of interest to note that titration of the
solution obtained on perlodate oxidatlon of hydroiysate IIT
sneocested that one mole of acid ﬁas liberated in the
periodate oxidation. However, no formic acid. could be
deBected in the mixture. The details of the efforts to
characterize the formic acld ere reported in the
experimental section (pe. 36) since they provide a convenient
method for the miero estimation of formlc acid and forme-
aldehyde produced in periodate oxidstions, Our results
render obvious. ~.the need for the application of such.

a technique-in'éxyeriments designed. to elucldate points
of structure in carbohydrate derivatives through a measure

of the formic scid and formaldehyde produced in a periodate

oxidation.
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3 - The Detosylation of 1,li,6'=Tri-0-Tosylsucrose IX., =

Formation and Proof of Structure of 3, 6-Anhydro~ A «D=
Galactopyranosyl=-l,ls3,6-Dianhydro~ J~D-Fructoside. A
Chemical Proof of the Configuration at the Anomeriec Center

of the Fructose Molety of Sucrose

In an attempt to prepare larger quantities of
1:6,6'-tri-0-tosylsucrose, 1:6,6'-tr1-0-tritylsucrose penta=-
acetate was prepared and detrity;atéd to give the crystaliine
. penta-o-acetylsucﬁbse described by Hayward and coworkers (4),
Although Rayward and coworkews had reported (i) that methyl=
ation of this sucrose pentaacetate had formed the 1:h,6'-tr1—
O-methylsucrose, they assumed that an acetyl group migration
from position I to position 6 had occurred during the
methylation reaction. However, we soon realized that the
acetyl group migration probably had occurred during the
removal of the trityl groups since tosylation of the
resulting sucrose pentaacetate formed a tri=O-tosylsucrose
pentaceetate IX which possessed only one tosyloxy group |
which was readily replaceable by iodine, Therefore the
compound could possess only one tosyl group at either the
6 or 6 positions (see p. 43).

The tritosylsucrose pentaacetate could be assumed
to have the tosyl groups at the l:a, and 6'-positions of

the sucrose residue in view of the welleestablished ease
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for the 4 to 6 migration of an acetyl group on a glucose
residué (68), no doubt by way of the orthoacid intermediate.
Thlis matter 1s dealt with 1n greater detall later on.

That the tritosyl derivative of Hayward'!s sucrose
pentaacetate (l}) possessed structure IX (see fig. 9 p. 73)
became apparent from the structure of the trianhydrosucrose
(X) which was formed in almost quantitative yield on its
treatment with sodium methoxlde in methanol. The structure
of trianhydrosucrose X was established to be 3,6=-anhydro=-

o« =D=galactopyranosyl 1,lL;3,6~dlanhydrofructoside by means
of the fcllowing experiments.

The trianhydrosucrose X reduced Fehling's solﬁtion
only after acid hydrolysis. The substance was extremely ﬁiﬁh
sensitive to acid, undergoing rapid hydrolysls in 0,01l N "
hydrochloric acid at room temperature in a few hours,
Prianhydrosucrose X consumed periodate at pH 5 but not at
pH 8 or higher. The infrared spectrum of X gave no indication
of unsaturation and this inference was supported by the
compound'’s resistance to the periodate~permanganate reagent (59).
The absence of 1l,2-epoxide ring was indicated by the
substance's resistance to prolonged treatment both with 25%
alkali and with hydrazine at 100°. The ditosylate derivative
of trianhydrosucrose X was unaffected by elther sodium iodlde

in acetone or hydrazine at 100°. It could be concluded,
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therefore, that neither of the two remalning free hydroxyl
gropps in X were at the &= or the 6'-positions.
Methylation of trianhydrosucrose X gave a d1=-0-
methyl derivative XI which was subjected to acetolysié“(63)
using poncentrated sulphuric acid in acetlc anhydride.' Paper
chromatography of the deacetylated product revealed the
presence of three components (Rf values of 0.29, 0.36 (trace)
and 0.,61) which were separated by the method of partition
chromatography on a column of Cellite (ch)e The infrared
spectrum of the compound in the main pand; compound XTI,
(Rf value = 0.29),‘ﬁas 1dentical to that of an authentic
sample of 2,lj=di=-O=nethyl-D-galactose (61). Since the

substance with Rf value = 0.6l was converted to compound XII
(Rp = 0.29) on reacetolysis and deacetylation of the product,'
it must be 2,u-di~0-methy1-3;6-anhydro-D-gélactose.'

The i1solation of 2,h-di-O—methylnnLgélactose XII
and its 3, 6~anhydro-derivative established the trianhydride X
to be a triannydroepisucrose which possessed beth remaining
free hydroxyl groups 1n/5?2ianhydro—D¥galactopyranosyl
residue. 5Since this residue must have been @erived from the
glucosyl portion of sucrose which is known (9) to possess
the °(-D—configuratioh, the 3, 6~anhydro-D-galactopyranosyl
resldue of X must also possess the A =D=configuration. |

Since the portion of "pprianhydrosucrose” X which

was derived from the fructosyl portion of sucrose aust
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poasess two anhydrorings, naither of which are of the
1,2-cpoxide type, it follows that compound X must be the
3, b=anhydro=o( ~D=galadétopyranosyl l;heB,éwdianhydro~é7-D-
fructosides.

Hayward and coworkers (lj) found that methylation of
the crystalline sucrose peﬂ&aacetéég introduced O-methyi
groups at the l'n, L= and 6'-positions. They suspected
that an acetyl group migration from the 4= to the é=position
had occurred during the m:thylation raéétion. It}seeméd
probable however, that the sucrose pentaacetate was actually
2,3,3:h:6~penta~0-acetylsucrose. The fact that is is
possible (69) to acylate 1,2, 3,4~tetra~-O-acetyl= ﬁ =Deglucose
in pyridine (a compound which 1s known (68) to undergo
acetyl group migration wilth great ease) without migration,
suggests that the rearrangement would not occur daring the
tosylation of the sucrose pentéacetate. The tri-0-tosyl
derivative (IX) of the sucrose pentaacetate underwent the
replacement of only one tosyloxy group by lodine when heated
to 100° with sodium iodide in acetone. In view of the results
obtained by Hayward and coworkers (4, 70), the acetyl group
migration from the L-position to the 6=position must have
oecurred during the detritylation readtion (refluxing 30
minutes in 80% a#etic aclid) and the replaceable tosyloxy

group must be the one at the &'=position., The tosylated
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.derivative IX must therefore be the 1:&,6'-tr5_-0-tosylsucrose
pe_ntaaceta‘be, This contention is confirmed by the fact that
the formation of the trianhydride X can only be accounted for
on the basis of this structure for IX, That 1s, the
formation of the 3,6~anhydro- @ -D-galactopyrandayl residue in
trianhydride X would involve the formation of a 3,li~ppoxide
ring (step 1, see figure 9) followed by migration of the
epoxide ring (50) to the 2,3-position (step 2) to make
available a route for the closure of the 3,6-anhydroring
Step 3). Thus the "galacto-" configuration is achleved
by inversion of C=lj (step 1) with two successive inversibhs \
at C-3 (step 2 and 3) leading to a net retention of
configuration at this center. Helferich and Muller (71)
have prepared a methyl,'anhydro-ﬂ ~D=hexoside VIII m.p. 158°,

["(JD = «118° (water) by the alkaline methanolysis of
methyl l-~O=tosyl- ﬂ-D-glucopyra_noside triacetate. The
structure of this substance has received considerable attention
(72,73) and appears to be methyl 3,)4-anhydro-ﬁ-D-galactoside
(73). Our results clearly suggests that the methyl 3, b=anhydro=
ifg]qp‘-ga]_.act_:qpyrap_o__side should also have been. a product of
the reaction. Haworth, Jackson and Smith (7L) have prepared
this compound and report it to melt at 119° with

[«)D = -11t° (water). The dlmethyl ethers of these compounds
are both crystalline compounds with m.p. 83-81;0, ("(JD = «-148.2°
(chloroform) and m.pe. 83°, [XJD = «87° (chloroform),
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Figure 9, - The formation of 3, 6-anhydro- « =D-galactopyranosyl

1,l4;3, 6~dianhydro- 3 -D-fructofuranoside = X.
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respectively (7h). Evidently, these compounds are not
fdenticel. The B,h-anhydro-g «Degalactoside was prepared
by extremely mild alkaline aleoholysis of the parent
compound as compared with our conditions for the preparation
of trianhydride X.

The steps lj and 5 proposed for the formation of
the 1,l433,6=dlachydrofructofuranoside residue of trianhydride X
ere o well recognised typé of reazction (75). However, the
formation of this hilghly stralned structure may not have been
anticipated and provides an excellent illustration of ithe
jmportance of anchimeric assistance in chemical reactions.

It 1s of luterest bo note that the 1,132,533, 6~trianhydro=D-
mennitol prepared by Cope and Shen (76) possesses the
structure of the 1,&;3,é-dianhydrofructofunanosyl residue
of trianhydride X.

The formation of the 1,li; 3, b=dianhydrofructosyl
group of trianhydride X can only be accounted for on the
basis of the ﬁ -configuration for the anomeric center of the
fruetosyl residue. Had the «, =configuration been present,
the formatioh of the dianhydrofructofuranosyl structure
would have been impoasible since the 1'- and the h'bpositions
would have been oriented in opposite directlons on the
furanose ring and it would be impessible for the oXygen
atom at the h'-position to make a nucleOphilicbattack at

the 1'wcarbon atom. Thersfors, the formation of trianhydride X
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provides unequivocal chemical proof for the ﬁ «-configuration
of the anomeric center of the fructosyl residue of sucrose.
The configurational assignment made on this basis is in
egreement with that previocusly established by X-ray crystalloe~
graphic studies (9). It does not seem well recognised that
the previous chemical and biochemical evidence for the
configuration of the fructosyl resldue of sucrose (5) were
ultimately based on the speculation that Hudson's rule of
isorotation correlate configuration with rotation in the

case of ketofuranoslides as is now known to be the case for

a variety of aldopyranoses and their derivatives (77).

It 18 of real interest therefore that the present evidence

for the 8 tructure of sucrose together with that previously
obtained by Xe=ray analysis (35) allow the conclusion that the
rules of isorotation in fact do correlate configuration with
rotation in the case of fructofuranosides (78). In conclusion,
it 1is noteworthy that the experimenfs discussed above complete

the proof of the structure of sucrose by purely chemical means,

ly = The Tosylation of Sucrose in the Presence of Aqueous Alkall

Schotten (79) had introduced the use of sodium
hydroxide in the role of acid acceptor in the benzoylation of
amines, and Baumann (80) soon applied it in the benzoylation

of aleohols and sugars. Later, Hinsberg (81) employed



aguepus alkail in the preparation of sulphonic esters.
Essentially, the method consisted.in shaking the sulphonyl.
chloride with a solution or =a suépension ol the alcoholic
compound in sufficient concentrated aqueous alkall to
‘meutralize the hydrochloric acid liberated im the course
of the reaction. Menalda (82) made a gquantitative study of
this type of reactlion and summariéed the optimum 6onditions
of the reaction. |

' Although this reaction has found only limited
application in carbohydrate chemistry in view of its strongly
basic condition, it was used successfully to tosylaté-
partially'substitutéd or "plocked" monosaccharides (83)
and cellulose (84). It was therefore thought of interest te
examine the composition of the products this type of reaction
would form from the partial tosylation of suerose using three
moles of tosyl chloride per mole of sucrose in the reactions.

The results of the tritosylation reactions (using

the usual Schotten=Baumann reaction conditions) are listed
in Table IV, page 50. Chromatography of these products on
siliclc acid=-impregnated paper revealed that the products
were composed almost exclusively of highly esterifiled
compounds, namely, penta-, hexae and hepta=O-tosylsucroses.
This 1s relatively easy to explain since it is very likely
that a mono- or more extensively tosylated sucrose will

undergo reaction at a much higher rate than sucrose.itself,



This can be expected since the solubility of the first product
in the non-aqueous solvent centaining the tosyl chloride
increases with each degree of substitution. From the amounts
of base consumed in excess of that requlred for the '
esterification, 1t 18 seen also that considerable loss of
tosyl chloride takes place through hydrolysis, The %tendency
for the pile-up of tosyl groups on relatively few sucrose
molecules is refiected im the guantlty of unreacted sucrose
which remained at the end of the reactlion. For example,

in reaction 1, (see Table IV, page 50) approximately }3% of
the sucrose still remained in the s&queous phase af the end

~ of the reaction time. It seems, therefore, that only

limited applications can bé expected from the Schotten=Baumann
type of reaction and in 1ts simplest form. Therefore'thié
type of reaction can.be. used effectively only when complete

| tosylatién 1s desired. The use of homogeneocus reaction
conditions such as when pyridine 1s used as solvent are much

preferable for partial tosylation.
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CLAIMS TO ORIGINAL RESEARCH

1) = A proper characterization of the so-called "tritosyl=
sucrose' was obtained by chromatdgraphy.pn/silicic acid and
has éhown the substance to be a highly heterogeneohs mixture
containing not more than 30% 1:6,6’-tri—0-to$ylsucrose,

These results correctierroneous contentions méde by earlier
workers in this respect,

2) = Crystalllne 6,6:éd1-0-tosylsucrose was 1lsolated and
characterized for the first tlme. '

3) - Crystaliine 1:2;3,6;3:6'-trianhydrosucrose was 1solated,
characterized as the di=-O-methyl, acetyl and tosyl compounds ﬁ‘inn
and shown to originate from the alkaline alcoholysis of |
1:6,6'-tri~0~tosylsucrose; This is the first clearly
established example of the cross-linking 6f the sugar residues
in di~ or polysaccharides.

4} = Crystalline 3,6—anhydro;=(-D-ga1actopyranosyl 1,4;3,6-
dienhydro-J =D=-fructoside was isolated, characterized as the
di-0-methyl, acetyl and tosyl compounds and shown to
originate from 1:&,6'-tr1-0-tosylsucrose, This provided an
excellent example of epoxide ring migration and an unequivocal
- procf of the @ ~configuration of the anomeric center of the
fructose molety of sucrose and thereby completes the proof

of the structure of sucrose by purely chemical means,



5) « The tosyloxy group'situated on the 1'-position of
suerose was shown to be reslstant to treatment with sodlum
1odide in acetone at 100°,

6)= A new compound, 2-( @ «~hydroxyethoxy)=l, 3=propanediol,

was prepared and characterized as the tri=O-acetyl derivative.



- 80 =

BIBLIOGRAPHY

1. A,L. Raymond and E.F. Schroeder, U.S. Patent, 2,365,776
(194L) . | |

2. R.C. Hockett and M. Zief, J. Am. Chem. SoCe, 12
1839 (1950),

3, P,D. Bragg and J.K.N. Jones, Can. J. Chem., 37s 575
(1959).

4o GeG. McKeown, Re¢S+E. Serenius and L.D. Hayward, Can. Je
Chem., 35, 28 (1958).

Ge I. Levi and C.B, Purves, Advances in Carbohydrate Chemae,
8, 1 (1949). |

6. D.E., Koshland, Jr. and S.S. Stein, J. Blol. Chem., 208,
139 (195h4).

Te C.8. Hudson, J. Am. Chem. Soc., 30, 1564 (1908); 31,
655 (1909).

8. C.B. Purves and C.S5. Hudson, J. Am. Chem. Soc.s 56

702 (1935).

9. C.A. Beevers and W. Cochran, Proce. Roy. Soc., (London)

4190, 257 (1947).
10. R.Ue Lemieux and G. Huber, J. Am. Chem. 50C., 78.

417, £1956).
11. R.U. Lemieux, Can. J. Chen., 31, 949 (1953).
12. R.U. Lemleux and H.F. Baﬁer, Can. J. Chem., 32, 340 (1954} .
13. R.U. Lemisux and H.F. Bauer, Abstract of papers. C.I.Ce

Conference, Toronto, June 22 (1984).



15.
16.
17.

18.
19.

28.

- 81 =

D. Crowfoot, Ann. Rev. Blochem., 17, 115 (1948).

Se Oden, Arkiv. Kemi. Mineral Geol., Z.no. 15, 1 and 23
(1918).

R.S. Tipson, Advances in Carbohydrate Chem., 8, 107
(1953). I

Je Compton, J. Am. Chem. Soc.s __, 395 (1938).

Je Compton, Je Am. Ghem. Soc.. 60, 1203 (1938).

Ra C. Hockett, H. G. Fleucner JTa and J Be Ames, Je Am.
Chem. Socs, 63, 2516 (1941) .« |
R.C. Hockett and M.L. Downing, J. Am. Chem, SocCe,

&, 2463 (1942). |
J.M. Suglhara, Advances 1n Carbohydrate chem., g, 1l (1953);}

Ge.L. Mattock and R.U. Lemieux, Abstract of Papers, CeleCoe
meeting, Ottawa, June lu, (1960).

R.U. Lemleux and A.G. McInnes, Can. J, Chem., 38,

136 (1960},

- Te Bellu‘-‘vi’ Gazze. chim. italo’ Lgall, 283 (1912).

T.P. Hildltch and J.G. Rigg, J. Chem. Soc., 1774 (1935).
J.P. Gibbons and ReA. Janke, J. Am. 0il Chemistst! Soce,
29, 467 (1952). |

S. Winstein, FE. Grunwald, R.E. Buckles and C. Hanson,

Je Am. Chem. Soce, 10, 816 (19L48).

S. Winstein and Re. Boschan, J. Am. Chem. Socs, 12s

11669 (1950).



29

30,

31,
32,
33.

35,

36.

37.

38.

40.

hi.

}420
Lh3.

L.

- 82 =

BsRe Baker, R.E. Schaub, J.P+ Joseph and J.H. Williams,

Jy Am. Chem. Soc., 76, LOhl (1954); R.W, Jeanloz, J. Am.

Chem. Soc., J9, 2591 (1957).

G.E» McCasland, R.K. Clark Jr. and H.E. Carter, J. Am.
Chem. Socs., L, 637 (1949). (See also Ref. 28).

S. Winstein, Bull. Soc. chim. France C, 55 (1951).

W. Rodlonow, Bull. soce chim. France no. L, 39, 305 (1926},

¥, Doshowzal and D. Klamann, Monatsh., 82, 970 (1951).
K. Freudenberg and A. Doser, Ber., 58, 294 (1925), |
K, Freudenberg and F. Brauns, Ber., 55, 3233 (1922).
A.L. Raymond, J. Biol. Chem., 107, 85 (1934},

C.K. Ingold, Structure and Mechanisms in Organic
Chemi stry, cornell'.University.,-gPress, Ithaca, New York,
E.D. Hughes, Trans. Faraday Socs, 31, 620 (1i9l1).
(See also ref. 37).

P.A. Levene and R.S5. Pipson, J. Blol. Chem., 120,

607 (1937).

_S.'BQ“ Baker, Cane Je Chemey 2’ th? (1955)0

JeW.H, ©ldham and J.K. Rutherford, J. Am. Chem. SoCs,
S, 366 (1932).

(1953).

J.W.H, Oldham and G.J. Robertson, J. Chem. Soc., 685 (1935).

He Gilmen, Organic Chemistry, an advanced treatise Vol. 3,

25 (1953) John Wiley and Sons Ince, N.Y.
Se Peat and Le.Fe Wiggins, Je Cheme SOCQ’ 1088 (1938)0



- 83 =~

LS. W,N. Haworth, L,N. Owen and F. Smith, J. Chem. SoCe,
88 (1941)

h6e M. Cifonelll, J.A. Cifonelli, R. Montgomery and F, Smlth,
J. Am., Chem. Soc., 17, 121 (1955).

47. W.HeG. Lake snd S, Peat, J. Chem. Soc., 1069 (1939).

48, J,G. Baghanan, Chem. and Inds, 1484 (1954).

19, F.H. Newth, J. Chem. Soce, LL1 (1956},

50, S.J, Angyal and P.T, Gilhem, J..Chem; . Soc., 3691 (1957).

51. G.V. Marinettl, J. Erbland and J. Kochen, Federation
Proceedings, 16 (no. 3) 837 (195h).

52, Ru.F. Jackson and C.L. Gillls, Sci. Pap., B.S. 16,
11 (1520} .

53, S.M. Partridge, Nature, 16, LL3 (1949) .

Sh. R.U. Lemleux, C.T., Bishop and G.E. Pelletier, Can. J.
Chem., 3, 1365 (1956).

g5, W.M. Grant, Ind. and Eng. Chem,, Anal, Ed., 18, 729 (1946).

6. R.U. Lemleux, A. Hpp and H.F. Bauer, Abstracts of papers,
Fall meeting of the Am. Chem. Soc., Sept. 12~16, 1955,
Minniapolis, Mlnn.

57. C. Bricken and W.A. Vall, Anal. Chem., 22, 720 (1950} .

58, H, Klosterman and F. Smith, J. im. Chem. SocC., Ths
5336 (1952)a

\59. R.U. Lemieux and H.F. Bauer, Anal,. Chein,, 26, 920 (1954).

60. A.Be. Foster, W.Ge. Overend, M. Stacey and L.F. Wiggins,

J. Chen. Soce, 2542 (19149}«



- 8 -

61la Fes Smith, J+ Chems Socys 1724 (1939).

62 B..Helferich'and J. Werner, Bers., 75B, 9L9 (1942).

63a TalLe Cottrel and B.GasVe Percival, J. Chem. Socey TU9 (1942).

6le J;c. Bulgrin, J.;rhya.'Chemo. 61, 702 (1957)+

65. JeFa Carson and W.D. Maclay, J. Am. Chems Socey 67s -
1808 (1945).

66, RwUe Lemieux, Transs Roys Soce Cane, Vole LII, Sers. III,
{1958). E

67. RuUs Lemieuz, R.E. Kullnig, H.T. Bernsteln and W.Ge
Schnelder, Js Am. Chem. Soc., 80, 6098 (1958).

- 68, B. Helferich and We Klein, Amnns 455, 173 (1927).

9. RJU. Lemicux and Ge Huber, Cane Jw Cheilsy 2;; 1040 (1953).

70. GeGe McKeown and L.W. Hayward, Can. J« Chemey
35, 992 (1957) .

7. Be Helferich and A. Mfller, Ber., 63B, 2142 (3930)

72. A. Milller, Ber., 67B, 241 (1934) and Bere, §IB, 1094
(1935) .

73, A. Mfller, M. Moricz and G. Verner, Ber., 2B, ThS (1939).

7ts W.N. Haworth, J. Jackson and F. Smith, J« Chem. SoCe,

620 (1940).

75. S. Peat, Advances in Carbmhgdrate Chem., d, 38 {i946)«
76. A.C. Cope and T.Y. Shen, . im. Chem. Soc., 18, 591 12 (1956) .
77. Rl.U. Lemieux, Can. J. Chem., 29, 1079 (1951},

78. C.R- Purves and CoeSe Hudson, Jde Am. Cheme. SOGQ, 2,

49 (1937).



30,
81,
82.
83.
Sly.

Co Schotten, Bers., 17, 2544 (1884).

E. Bauman, Ber., 19, 3218 (1886).

0. Hinsberg, Ber., 23, 2962 (1890); Ann., 265, 178 (1891).
FeA, Menalda, Rec. Trave. Chime., }j9, 967 (1930}.

K. Freudenberg and 0. Ivers, Ber., 55, 929 (1930).
Aktien=Ccnzllschaft fur AnilineFabrikation, German Patent

200,334 {1907); Chem. Abstracts, 2, 3110





