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CLAIM TO ORIGI'JAL RESEARCH 

Dextran I, the bacteria.l polysaccha.ride produced 

from sucrose by Leuconostoc_ mesenteroides,hcts been investig·ated 

by means of methy la ti on studi es using improved Ha.worth a.nd 

Muskat techniques, and ha.s been shown to passees a. comb--like 

structure. The nature of the oxygen rings and mode of linke~es 

in the main and side chaine have been clarified. 

An improved a.nd bighly efficient fractior1al disti l­

lë.tion technieue ha.s been de~reloped for the sepa.ration of small 

amounts of glucosidic mixtures. 

The Haworth methyla.tion technique ha.s been modified 

and a __ dapted ?enera.lly to the synthesis of ne.rtia.lly-methylated 

glucose derivetives. 

2,3,~-Trimethyl glucose bas been synthesized by a 

new method. Imurovement s ha .. ve been made in the methode of 

syntbesis of 2,J,4,6-tetramethyl metbyl glucoside. 

A new crystalline derivative of 2,3-dimethyl glucose 

i s de seri bed. 
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INTRODUCTION 

Of recent years, following the elucidation of the 

oonstitution and structure of the more oommon mono- and 

di-saocharides, the attention of carbohydrate ohemists has 

been focussed more and more strongly on the higher poly-

saocharides. For example, among the plant polysacoharides, 

it has been definitely established that cellulose is a long 

linear-ohain polymer formed from anhydro-gluoose units. 

In the case of inulin and levan, the ohain is made up of 

anhydro-fructose units, while xylan and other pentosans are 

linear anhydro~~entose polymers. 

It is an aooepted faot that the polysaccharides 

ooourring natuxally in plants are formed primarily from 

carbon dioxiue and water, but the meahanism of this change 

called "photosynthesis" has not been established. Oxygen 

is lib~rated in the proaess. The algebraio expression 

summarizing this very com~lex ohange is sho~n by the 

equation. 

ohlorophyll > 
mineral a 

This must be taken as nothing more than a mere summary, and 

not a description of the changes involved. 

It seems probable that in sugar synthesis at least 
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two intermediate steps are involved, (a) an intial reaction 

to form some simple or ganio compo1md, and (b) a condensation 

of this produot to aome oarbohydrate suitable for translocation 

and use as a food or a building material. 

Sinoe von Baeyer's suggestion in 1870 (1), many 

~orkers have assumed, using various meohanisms, that in the 

initial change, carbon dioxide was oonverted into formaldehyde. 

Basides being the sim~lest compound with the empirical formula 

for carbohydrates, Ïormaldehyde can be polymerized in the 

laooratory into complex rnater ials ~i th the general formula 

0 
HC~ 

" H 

Formaldehyd.e 

0 
CH/ 'CH 

12 1 2 

0 """ /0 
CH

2 
Trioxymethylene 

Trioxymethylene oan be formed, and both trioxy-

methylene and formaldehyde itself oan be oondensed into 

hexose sugars under the influence of lime ~ater oatalysts 

( 2' 3) 

0 
H-C~ 

'H 

0 ,, 
H-C-H 

:> 

Formaldehyde 

et o. 
> 

H 0 
1 Il 

H - C - C 
1 1 
OH H 

H H 
1 ' H - 0 - f -
' OH OH 

~0 
H-C,H 

H OH 
1 1 

c - c -
1 1 
OH H 

Glucose 

> 

H 
1 

c -
1 
OH 

H H 0 

H - C - C - 8 
6H 6H h 

0 
Il 
c 
1 
H 
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Fischer (4, 6) attained a oomplete gluoose synthesis 

by developing the experimenta of Butlerow (2), ~ho had noted 

that forrnaldehyde and alkali pr oduoe auga.rs. Fischer ( 4) 

obtained a low yield of raoemio gluoose phenylosazone from 

the mixture and then skillfully oompleted the diffioult 

steps from raoemio glucose ~henylosazone to d-gluoose (5). 

The meohanism of the above reaction is not kno~n 

but the change can be ~ritten to correspond with an acyloin 

reaction. If this type of condensation were stopped at 

five and six oarbon atom units, it is a~parent that pentose 

and hexose sugara oapable of forming stable six atom 

heterooyolia rings w ould resul t. 

Other sim·ple intermediates have been suggested. 

In 1843 Liebig (6) with praotically no experimental evidence, 

suggested that oxalio, tartario, and malic aoids were 

intermediates. Formio aoid was suggested by Michael (7) 

in 1899 with the idea that this substance ~as later reduaed 

to glyoxal and to glycollio aldehyde. In 1914 Finoke (8) 

used a similar idea. In 1937 Hibbert (9) sho~ed further 

possibilities of the formio aoid idea in the formation of 

oarbohydrates. 

Fractically all of these ideas have some measure 

of feasibility, but all are laoking in experimental 

verification. Considering the enormous significanoe of the 
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reaction and the time and energy whioh have been expended 

on its study in the last hundred years, it is astonishing 

that, for example, it is yet unoertain whether formaldehyde 

is in reality an intermediate. Although the prooesses by 

whioh formaldehyde, or sorne olosely related substance suoh 

as formio acid, are synthesized in the plant are not yet 

understood, these ~ould seem to represent the most probable 

intermediatas in primary photosynthesis, from whioh oarbo• 

hydrates, lignin and other natural produots found in the oell 

sap and plant tissue are formed. 

Hibbert (10) has suggested a meohanism for the 

formation of the polysaccharides from their building-units, 

through the ethylene-oxide form of the sugars. In any oase 

it seems quite possible that fructose, due to its muoh more 

pronounaed reactive oharaoter is the form of hexose sugar 

most oonoerned in the pi·imary ohanges involved. 

Experimental investigations into the nature of 

plant synthesis present many diffioulties due to the 

impossibility of controlling conditions within the plant. 

It ~as therefore oonsidered that much valuable information 

might be gained from an investigation into the synthesis of 

polysaaoharides by the aotion of bacteria. Such an 

investigation was initiated several years ago in these 

laboratories. Harrison, Tarr and Hibbert (11) studied 
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the synthesis of levan from suorose and other oarbohydrates 

by Baoillus subtilis and Baoillus mesenterious, and showed 

that the essential condition for the formation of the poly~ 

sacoharide is a terminal fruato-furanose grou-ping in the 

substrats mole oule. buch a group is present in suorose and 

raffinose, and levan ~as obtained from bath these sugars. 

Folysaaoharide formation by the action of 

Acetobacter xylinus on many sugars and related oompounds 

was studied by Tarr and Hibbert (12), and the polysaccharide 

formed by this organism from glucose, fructose, and glyoerol 

respecti vely, ~as shown by Hi bbert and Bar sha (13) to be 

identioal with cotton cellulose • 
. -.- .... -. 

Finally, the formation of dextran by Leuconostoo 

mesenteroides was investigated by Tarr and Hibbert (14). 

They found that polysaccharide formation took place in 

appreciable amounts only in suorose solutions, though in 

the case of two strains of baateria small amounts were 

observed in solutions of glucose. These latter resulta, 

ho~ever, would seem to require confirmation. 

The determination of the stru.cture of the dextran 

synthesized from suorose by the action of one strain of 

Leuoonostoo mesentei'oides, supplied by Dr. A.J. Kluyver, 

Delft, Rolland, is the objeot of the present investigation. 

The structure of this polysaccharide is of great interest, 
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not only to the carbohydrate chernist, but to the immunologist, 

sinoe there are indications (15, 16, 17, 18), that it may be 

immunologioally specifia. 

The ba.oterial polysaccharides have, duxing the past 

ten to t~enty years, attained a position of great importance 

in the science of immuno-chemistry. The field haa attraoted 

numerous ~orkers, but the ~ioneers, and those ~ho have 

oontributed more than any ethers to our knowledge of the 

immunologioal role of polysacoharides are Avery and Heidelberger, 

and their ao-v.orkers. 

Although a survey of this field is not ~ithin the 

scope of this disoussior1, it may ·b~ noted that Heidelberger 

has ~ublished three reviews on the subjeot (19, 20, 21). 

Briefly, the polysaccharides elaborated by many pathogenia 

" bacteria, forl example, the pneumooocous and the Friedlander 

bacillus, are reaponaible for type speoifioity. They are 

reoognized immunologically by the preoipitin reaction ~ith 

antisera produoed by injection of the homologous organism. 

There are reports (22, 26, 24, 25, 26) that polysaccharides, 

other than those produoed by baoteria give sorne indication 

of be~1g speoific. All of these, ho~ever, require oonfirm-

at ion. 

The preser1t researoh places dexti'an in the position 

of being the only bacterial polysaccharide showing indications 
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of speoifio properties, whose structure has been the subjeot 

of thorough chemioal investigation. Levan may be regarded 

as a possible exception to this atatement in that Zezaya 

(16) reports a serologioal study of the polysaccharides of 

B. subtilis and B. mesenterious. Whether or not these 

polysaccharides are identical with the levan of Harrison, 

Tarr and Hibbert (11) is not kno~n. 

The determination of the structure of the apeoi±.ic 

baoterial polysaooharides and a subsequent investigation of 

the relation of structure to immunological aotion would 

undoubtedly be of great interest. Some preliminary ~ork 

on this relationship has already been aarried out (27, 28, 

29, 30). However, ohemical work on the polysaccharides 

from the pathogenio baoteria is greatly ham·pered due to 

the extr·emely small yi~lds obtainable from oul ture media. 

The building unite of sorne have been asoertained (31, 32, 

33, 34, 35, 36, 37, 38), but the positions of linkage and 

ring structure are still in doubt. On the other hand, 

dextran is obtainable in large yields, suitable for exhaustive 

ohemiaal investigation, and would ap·pear to present an 

excellent starting material 1or researoh on the relation of 

structure to immunologioal action. This problem has already 

been attaoked in these laboratories ~here it has been sho~n 

that dextran is a haptene. (18_), that is, the -pure polysaocharidE:l 

givea a preoipitin reaction ~ith anti-Leuoonostoo sera 

prepared with the homologous organisme. 
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SURVEY OF THE LITERATURE 

The History of Dextran 

The term "dextran" has been applied to oarbohydrate 

slimes originating from sugar syrups, fermenting vegetables 

and dairy products. The occurrence of dextran has been 

ref·Orted from time to time from the middle of the last 

aentury until the present in oonneotion with the wine and 

augax industries. In the latter it ooours as one of the 

oomponents of a slimy mass, blocking the filters and 

other~ise interfering ~ith the refining ·prooesses. 

"Dextrantt was obtained by Pasteur (39) as a 

pioduct of the fermentation of glucose, the yield of gummy 

product amounting to 45~. It is impossible to decide whether 

or not this dextran was identical with that ~ith ~hioh the 

present investigation deals, since ita ohemioal structure 

~as not investigated. The fact that it ~as formed from 

glucose, however, ~ould seem to indioate that it was not, 

since the strain of L. meaenteroidea studied bas been found 

incapable of forming dextran from this sugar under the 

conditions employed. 

Scheibler (40, 41) who undertook the first ohemical 

investigation of these jelly-like substances, regarded dextran 
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as a constituent of the beet oell. He observed the 

ooourrence of baoteria in the material but maintained that 

they took no part in its formation. 

The substance did not reduce Fehling's solution. 

Carbon and hydrogen analyses indioated the empirioal formula 

(C 6H10o6 )n and a rotation of +223° was observed. The 

dextr·an on hydrolysis by heating vvi th di lute sulphur io ac id, 

yielded glucose. On oxidation of dextran with nitrio aoid, 

the only product identified was oxalio aoid. 

Jubert (42) in 1875 advanced the theory, in 

contradiction to ~cheibler's vie~s, that dextran was a product 

of fermentation in the sugar vats, and not a constituent of 

the beet cell. In support of this view he ~as able to sho~ 

that the ~extran slime ~as found in pure sucrose solutions, 

as ~ell as in beet juice. This theory was confirmed in the 

follo~ing year by Durin (43) ~ho identified the visoous 

material as ~ product of baoterial action. He also 

confirmed ~cheibler's formula (C6H10o6 )n by hydrolyzing 

the dextran, first to "dextrins" and then to gluco~e, 

but drew the erroneous conclusion that the compound 

~as cellulose sinoe he found that it ~as soluble in 

SchlAe izer 's reagent. Van Tieghem ( 44) la ter found tha.t 

dextran was insoluble in ouprammonium solution. 
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" Daumichen (45) aarried the ohemioal investigation 

of dextran somewhat further in 1890, when he formed a tri­

benzoate and a triacetate. The quantitative hydrolysis to 

glucose, and formation of glucosazone ~ere confirmed, and 

in addition to oxalio, sacchario aaid was identified among 

the products of nitrio acid oxidation. 

Browne (46) who oarried out a ohemical investigation 

of the structure of dextran, merely oonfirmed the work of 

previous investigators on the hydrolysis to glucose, and the 

empiriaal ~ormula (C 6H10o6 )n. However, on the basis of his 

combustion analyses he advanced the theory that dextran is 

a hydrated produot of variable composition. 

The earlier chemlcal and bacteriologioal work on 

dextran has be&n reviewed elsewhere (47, 48, 49) in greater 

detail. Early bacteriological studies of the dextrans were 

oomplioated by non-systematio nomenclature, and inoomplete 

description of the organisms. 

In 1877 van Tieghem (44) published the first 

description of a dextran-produoing organism, to whioh he 

gave the name Leuoonostoo meaenteroides and ~hioh he des­

oribed as a oooous, appearing either as glassy points, or 

as larger proliferations. Sinoe the time of van Tieghem 

numerous organisms have betn described as producers of 

dextran (50, 51). However, the majority of these organisms 
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~ere reported in the latter part of the nineteenth century, 

when the science of baoteriological classification ~as 

still in its infancy, and it is probable that many of 

them are identical. 

It is now kno~n that the dextrans are produced by 

the action on sucrose of certain strains of chain-forming 

cocci, olassified by Hucker and Pederson (47) as the 

Family Coooaoe~, Tribe Streptococceae, Genus Leuoonostoo, 

Speoies mesenteroides and dextranious. Leuoonostoo 

mesenteroides (Ciankowski) van Tiegham ferments p6ntoses 

(either arabinose or xylose) and sucrose, whereas 

Leuconostoo dextranioua (Beijerinok) ferments suorose but 

not pentoses. Dextran is not produoed by the third speoies 

of Leuoonostoo, oitrovorus, and this speoies ferments 

nei thar suorose nor -pentoses. In general, those speoies 

of Leuoonostoo which ferment suorose produoe in addition 

to dextran (oa. 25% orude yield on the basis of auorose) 

a.pproximately 30% levo-laotio aoid, 67b aoetic aoid, 10% 

ethanol and 10% mannitol (47). 

The st:ructures of three different de:x:trans have 

been partially investigated in these laboratories. Dextran I, 

~ith ~hioh the present investigation is conoerned was 

aynthesized by a strain of L. mesenteroides o·btained from 

Dr. A.J. Kluyver of the Teohnisohe Hoogesohool Laboritorium, 
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Delft, Rolland; Dextran II, by L. mesenteroides No •. 5 ( 47), 

obtained from Dr. G.J. Hucker, N.Y. Agrio. Exper. Station, 

Geneva, N.Y.; and Dextran III, by L. dextranicus No. 22 (47) 

also obtained from Dr. Huoker. 

Hibbert and Tarr (14, 48) determined the optimum 

conditions for the preparation of dextran. Suorose waa 

found to be the only suitable oarbohydrate substrate. The 

nutrient solution oonsisted of sucrose (10%), peptone (0.1~), 

potassium ohloride (0.1~) and disodium hydrogen phosphate 

(0.2%), and incubation ~as allowed to proceed for tan days 

at room tbmperature. The crude dextran was isolated from the 

ooncentrated culture by precipitation with methanol, and was 

purified by eleotro-dialysis. 

More reoent preparations of the dextrans have shown 

the need of supplementing the medium of Tarr and Hibbert (14), 

espeoially if the organisms have been oultured for any great 

periods of time on artifioial media. Carruthers and 

Cooper (52) inoreased the yield of dextran by adding raw 

beat sugar or molasses to the media, while Staoey and Youd 

( 63) added oomrneroial ma·ple sugar. Hassid and Barker (54) 

added yeast extraot, magnesium and ammonium sulphates to 

the medium. 

Carruthers and Cooper (52) ooncluded that dextran 

was not synthesized by enzymatio aotion. Quite reoently, 
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however, Hehre (55) has reported the formation of a 

dextran-like product from suorose by the action of a 

baateriawfree extract of a Leuoonoatoa culture. 
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Structure of the Dextrans 

Fowler, Buokland, Brauns and Hibbert (56) 

investigated the structure of Dextran II. On hydxolysis 

with dilute aqueous sulphurio aoid, only glucose, in 90% 

yield, was obtained. The presence of three hydroxyl grou·ps 

per glucose anhydride unit was shown by the preparation of 

a triacetate and a tribenzoate. Numerous (six or seven) 

Haworth methylations (using dimethyl sul·phate and oonoen-

trated alkali) of Dextran II did not raise the methoxyl 

content above 41% (theoretical maximum 45.6fo), nor were 

Purdie methylations (using methyl iodide and silver oxide), 

or methylation with thallium ethylate and methyl iodide 

effective in raising the methoxyl content of p_artially­

methylated Dextran II above 43.5%. The maximum theoretioal 

methoxyl oontent was eventually attained by modified Muskat 

methylations (57). Fartially-methylated dextran, suspended 

in anisole solution, was treated with sodium in liquid 

ammonia, and the sodium salt of methylated dextran thus 

formed was allowed to reaot with methyl iodide. Three 

auch treatments raised the methoxyl oontent of partially­

methylated dextran from 42% to 46.5%, and five suoh 

treatments from 30% to 45.4% (49). 
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Methylated Dextran II was hydrolyzed by heating 

with hydrogen ahloride (1.5%) in anhydrous methanol in a 

sealed tube. The mixture of glucosides so obtained was 

fraotionated, first by differentia! solubilities in ohloro­

for~ and water, following the method of Macdonald (58). 

In this treatment the dimethyl methyl glucoside dissolved 

in the water, the tri-, and tetramethyl methyl glucosides 

in the ohloroform. The ohloroform soluble material waa 

fraotionated by distillation under reduoed pressures. These 

separations yielded 2,3,4,6~tetramethyl methyl glucoside, 

2,3,4-trimethyl methyl glucoside, and a dimethyl methyl 

glucoside (identified as 2,~-dimethyl-~-methyl glucoside 

by means of the 6-trityl derivative, the formation of whioh, 

however, V\ as not quantitative). Due to this oom·plioated 

fraotionation technique the resulta indioated that t~o 

different ratios of the tetra; tri-, and dimethyl methyl 

gluoosides, namely, 1:2:1 and 1:3:1 were equally possible 

for the proportions of the three gluoosides. However, after 

consideration of the order of acouraoy to be expeated from 

the methods of isolation employed, as well as their 

aooom·panying inevitable loSSE;S, i t was aonoluded that the 

three glucosides ~ere present in the ratio of 1:3:1. 

Nevertheless, it ~as pointed out (49) that the evidence 

against a 1:2:1 ratio is of a negative rather than a 

positive oharaoter. 
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These results indicated a cross-linkage for every 

repeating unit of five glucose molecules, and 1,6-linkages 

~ithin each repeating unit. A repeating unit of the 

follo~ing type ~as suggested as one of the various 

possibilities for Dextran II (56). 

Jlucose residue {1 ~ould therefore appear as 2,~,4,6-

tetr·arnethyl glucose or.1 hydrolysis of methylated dextran; 

glucose #2 as 2,D-dimethyl glucose and the other three 

glucose resid11~s as 2 ,D ,4-trimethyl glucose. 

These resu·ll1s (56) ~ere later criticized by 

Brauns (59), V\ ho questioned the completeness of methylation,. 
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of the methylated dextran, and the interpretation of the 

methyl glucoside fraationation data in view of the large 

losses (18.4%) of material during fraationation. These 

same oritiaisms a~ply to praotiaally avery previous 

publication dealing with dextran structure. 

In a recent re-investigation of the structure of 

Dextran II (60) it was found that 2,o,4,6-tetramethyl methyl 

glucosides, 2,D,4-trimethyl methyl glucosides, and dimethyl 

methyl glucosides ~ere present in the ratio of 0.89:3.00:1.26 

respeatively. This ratio cannot be accepted without soma 

reservation since Dextran II has been found espeoially 

sensitive to degradation during methylation and also during 

hydrolysis of the methylated derivative (60). The true 

structure of a polysaccharide can only be determined if 

the polysaccharide is stable under the conditions used. 

Neverthe1ess, the resulta obtained do ap·pear to indicate 

a 1:3:1 rather than a 1:2:1 ratio for Dextran II. 

Hassid and Barker (54) investigated the structure 

of the dextran produoed by a strain of Leuoonostoo 

mesenteroides~ The yields of the methylated 

dextran (methoxyl oontent 45.2%) obtained were not stated. 

Fraotionation of the methylated glucosides rasulting from 

hydrolyais of the methylated dextran was attempted by 

solvant aotion, and large losses (40~) resulted, in addition 
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to the losa sustained on hydrolysis (35%). The bulk of 

the produot identified was 2,3,4~trimethyl- ~ -methyl 

glucoside, but small amounts of 2,3,4,6-tetramethyl glucose 

and dimethyl glucose were isolated. The authors attaohed 

no partiaular signifioanoe to their values for the moleoular 

weights of dextran and of methylated dextran. Values of 

11700 and 14800 respeotively ~ere obtained by viscosity 

measurements, and 2600 t 50 and o275 r 50 respeotively by 

means of the MoBain air-driven to~ centrifuge. In the first 

oase an arbitrary visoosity constant, that for cellulose, 

had to be asaumed in the application of the Staudinger 

viscosity equation. Moreover, the moleoular weight values 

obtained for starch, using this type of centrifuge were only 

about one-tenth the aooepted values. 

The structure of Dextran III was investigated by 

Fairhead, Hunter and Hibbert (61). Fully methylated 

Dextran III ~as obtained by Ha~orth methylations, followed 

by the use of the Muskat prooedure. Hydrolysis of fully 

methylated Dextran III yielded 90% 2,3,4-trimethyl methyl 

glucosides, and 10% dimethyl methyl glucoside, but no 

2,~,4,6-tetramethyl methyl glucoside waa obtained. 

Peat, Sahl~ohterer and Staoey (62) later obtained 

a small amount (0.25%) of 2,3,4,6~tetramethyl methyl 

glucoside from the hydrolysis products of a methylated 
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Dextran III, in addition to 90% 2,3,4-trimethyl methyl 

glucosides, and on the basie of the se results, postu~ ated 

a minimum chain 1engtb of 550 units for Dextran III. The 

isola ti on of a considerable q.uan ti ty of dimethyl me thyl 

glucoside must be rega .. rded as defini te proof of the presence 

of side-cbain linkages. 
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THE STRUCTURES OF EOLYSACCHARIDES 

RELATED TO DEXTRAN 

A. Naturally Ocourring Folysaooharides 

In this disoussion, only the naturally ocourring 

polymerized anhydre-hexoses will be considered. Of these, 

oellulose, ataroh and glyoogen have been the subjeot of auch 

a prodigous number of researohes tbat it is impossible to 

give a detailed review of the literature here. Excellent 

reviews (63, 64, 66) dealing with these subjeots have 

appeared in the last few years. The evidence for the more 

widely aooepted structures for these ~olysacoharides will 

be disoussed. 

Cellulose 

Monier-Williams (66) has shown that cellulose on 

hydrolysis yields glucose quantitatively. 

During the period 1920 to 1926 it was believed 

that cellulose consisted of small structural units held 

together by some form of residual valence (67). In 1926 

Sponaler and Dore (68) showed that X-ray diagrams oonfirmed 

the hypothesis most generally held today, that the fibres 

consiated of long parallel ohains of glucose units linked 

by primary valences. 
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At present cellulose is believed to consist of a 

long chain polymer of ~-glucose units joined by 1,4-linkages. 

The spatial arrangement of the units is suah that the 

terminal carbon atoms(C6 ) lie first on one side of the ohain 

and then on the other giving, in effect, a repeating unit of 

the size of oellobiose. It must be assumed that the ohain 

is open, the first unit having a free hydroxyl in the 4-position 

and the end unit a free hydroxyl in the 1-position. This 

may be expressed in writing the oondensed cellulose formula 

thus: 

Although there is general agreement regarding the 

make-up of the oellulose ohain, the question of its length 

is still a contraversial subjeot. Haworth (69, 70, 71, 72) 

found by the end group analysis method (determination of 

tetramethyl glucose) a ohain length of from loO to 250 

gluoose units. This was apparently in agreement ~ith the 
0 

length of the orystallites in native cellulose (600 A) ~ 

as determined by Meyer and Mark (73, 74). 

On the oontrary, Staudinger (75, 76) derived from 

viaoosity measurements a degree of polymerization of from 

1000 to 2000 glucose units. Hess and Neumann (77a, b, a) 
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also suggest, on the basis of end group analysis, that 

oellulose chains oonsist of thousands of c6 units. 

Star ah 

Starch yields glucose on complete hydrolysis. 

When it ia broken down by enzymes, maltose and dextrins are 

obtained (78, 79, 80, 81). 

It is generally thought today that a true ohemioal 

unit of staroh exists. This aooording to the Birmingham 

school (82, 83) is an open chain of o(-glucopyranose units, 

joined by 1,4-gluoosidio linkages as in maltose. The ahains 

are believed to oonsist of approximately 24 to 30 glucose 

units. The same unbranohed chain has been obtained from 

starohes of markedly different physioal properties, e.g. by 

Haworth from potatoes (84, 85), maize or waxy maize (83A) 

and by Hassid and Dore (8QA)from oanna. 

Staudinger (86B) has pro·posed a formula for staroh, 

in which he pioturea a oentral ohain to whioh is attaohed, 

at the CH20H of every fourth glucose unit, a lateral ohain. 

In addition, lateral ohains are joined to other glucose 

unite of the central ohain, through the hydroxyl attached 

to c
3

• Suoh a formula requires the formation of 2,3- and 

2,6-dimethyl-, 2,3,6-trimethyl and 2,3,4,6-tetramethyl 

glucose from methylated staroh~ uv tb the present, only 
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2,3,11-,6-tetra.methyl, 2,3,6-trimethyl a.nd 2,3-dimethyl glucose 

(86, g7) have been identified with certainty from the hydrolysis 

products of methy-1_ated sta.rch. 

The older assumption (88) of a. brancbed molecule 

for starch wa.s confirmed by Freudenberg a.nd Boppel ( g9) 

who showed th at the pro-portion of di metby ;_ glucose ( representing 

positions of brancbing) to tetramethyl glucose (end group) 

wa .. s approximately equa: for every twenty g 1_ucose unite. 

Glycogen 

Haworth (82, 83) and Bell (90, 91) consider glycogen 

to have an average minimum cha.in length of twelve to eighteen 

glucose units, joined by 1,~ linkages. Hyàrolysis of 

methy1ated glycogen yielded in addition to 2,3,6-trimethyl 

glucose, approxime.tely ecua.l amount ot 2,3,4,6-tetra.methyl 

glucose a,nd dimethyl glucose (a portion ot which was identified 

a.s the 2,3 derivative (83)). Haworth suggests tha.t the glucose 

chains are themselves joined by a. ty~oe of union which links 

the reduciner end of one chain 1.1ïri th a hydroxyl in a non-termina.l 

glucose residue o::. a.~n adjoining cha.in. 

Staudinger and Husemann (92) conc~ude from their own 

and Haworth's observations that glycoge~ consiste of a 

centra.l chain of glycosidically bound unit s of glucose 'inked 

cl to c4, to which a.re a,ttached at c~, 03 and c6 of 
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eaah unit similar side chains of from twelve to eighteen 

glucose units in length. 

Inulin 

Of the remaining naturally ocourring oarbohydrates, 

inulin has been investigated more thoroughly than any of the 

others. 

Irvine oommenoed his researohes on the polysaccharides 

with a study of inulin in 1920. Irvine and Steele (93) 

methylated inulin ~ith dimethyl sulphate and alKali, and found 
a 

that the reaotion stopped at approximately/dimethyl inulin 

stage (OCH3 = 3~.8%). This figure ~as oonfirmed later by 

Irvine, Steele and Shannon (94), though oontradioted by 

Karrer and Lang (95) who obtained a methoxyl oontent of 39.4% 

with tbese reagents. Irvine, Steele, and Shannon (94) 

oompleted the methylation ~ith silver oxide anü methyl 

iodide and obtained a trimethyl inulin with methoxyl content 

of 44.3~, in the form of a dextrorotatory oolorless ayrup. 

Kai·rer and Lang's trimetbyl inulin, on the other hand waa 

laevorotatory and a solid. 

Irvine, Steele and Shannon (94) noted that 

methylation was acoompanied by irregular changes in solubility 

whioh they attributed to simultaneous de·polymerization and 

polymerization. Two trimethyl inulins were isolated, differ­

ing in o~tioal rotation and solubilities, but yielding the 
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same trimethyl fructose on hydrolysis. 

Irvine and Steele (93) on distillation of the 

hydrolysis products of trimethyl inulin, obtained 76% of a 

trimethyl- ~-fructose. There was also a preliminary low 

boiling fraction, which is signifioant in view of the later 

work of Ha~orth (96). On the basis of these results, Irvine 

oonoluded that "inulin is an aggregate of 'f ... fruoto se 

residues, eaoh ketose molecule having lost two hydroxyl 

groups in the formation of the polysaccharide". He suggested 

two possible linkages, 1,2 or 2,3, but regarded the latter 

as more probable. Furthermore, the mode of aggregation of 

the fructose units might be regarded, aooording to Irvine, 

ai thar as a condensation thilough the reducing grou·p and 

one other hydroxyl, or as a ·polymerization of actual fructose­

anhydride units. 

The question as to whioh carbon atoms are oonoerned 

in the oondensation, (or dehydration as the oase may be) 

~as settled in 1928 by Haworth and Learner (97), ~ho proved, 

by oxidation methode, that the sugar isolated from the 

hydrolyeis produots of trimethyl inulin was 3,4,6-trimethyl~ 

~ wfruotose. Therefore the linkage is through the first and 

seoond carbon atoms. 

This was oonfirmed by Montgomery (98) in 1934. 
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He synthesized ~.4,6- and 1,4,6-trimethyl~~ -fructose, and 

found that the former was identioal with the trimethyl 

fructose obtained from methylated inulin, while the latter 

\\as quite different in its propertiea. 

Regarding the aotual oomposition of inulin, there 

seema still to be sorne doubt whether fructose is the only 

eugar present. Sahlubaoh and Elsner (99) claimed to have 

isolated as high as B% glucose, while Jaokson and Maodonald 

(lOO), and later Irvine and Montgomery (101) report up to 

3.7% of this sugar in the hydrolysis produots of purified 

inulin. The latter workers asoribed the presenoe of this 

sugar to a fruotose-gluoose conversion during the aaid 

hydrolysis, and stated that gluoose is not formed when inulin 

is hydrolyzed by enzymes. Ohlmeyer (102) reports the 

isolation of 1.5% of gluaose when pure inulin is hydrolyzed 

by Aspergillus niger at pH 6. From this he caloulates a 

minimum of 70 hexose units in the molaoule, based on the 

presenoe of one mole of gluoose. However, the presenoe of 

glucose in the original polysaccharide would still seem to 

require confirmation. 

Until reoently there has been considerable oon­

troversy regarding the moleoular oom~lexity of inulin. 

Many invastigators (103, 104, 105, 106, 107, 108) have 

isolated from inulin, by different treatments, a fructose-
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anhydride (in nearly avery oase a difruotose-anhydride). 

It was therefor~ ooncluded that this was present in the 

polysaccharide as a definite structural unit. Cryosoopio 

moleoular weight determinations of inulin and inulin acetate 

have, in general, given values oorresponding to a difruotose-

anhydride (109, 110, 111, 112). 

Berner (113) states that in many cases the mole­

oular weight determinations on supposed "depolymerization 

·produots" of inulin are valueless, due to contamination wi th 

the reagents used. Thus, on heating inulin with aoetamide, 

and precipitation with aloohol, he obtained a produot with 

an apparent moleoular W6ight of 242, whioh, on purification 

rose to D5·60-.~ However, Pringsheim, Reilly and Donovan 

(114) found that when inulin was subjeoted to this procedure 

the product was easily soluble in oold water. On standing, 

the solubility decreased, and the moleoular weight inoreased. 

It is probable, therefore, that the inorease in moleoular 

weight observed by Berner was due more to re-polymerization 

than to purifioation. 

The extreme ease with ~hioh inulin is depolymerized 

was demonstrated by Drew and Haworth (115). By the 

ebulliosaopio method in water, they obtained a minimum 

moleoular weight of ~200-3600, but showed that this gradually 

deoreased, due to hydrolysis in boiling water. They 
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postulated a long ohain structure for inulin, and in support 

of this theory showed that partial depolymerization by meana 

of carbon dioxide or traces of hydroohloric aoid gives rise 

to ahorter ohains, or "levulins". The long ohain formula 

reoeived further oonfirmation in 1932, when Haworth, Hirst 

and Eercival (96) isolated 3.7% of 1,3,4,6-tetramethyl 

fruotofuranose from the hydrolysis products of methylated 

inulin, giving a minimum ohain length of approximately 30 

fruotose units. This was oonfirmed in the following year by 

Irvine and Montgomery (101). Haworth, Hirst and Percival 

( 96) also isolated 3% of a hexamethyl-difructose-·anhydride, 

•hioh they considered to have been formed by depolymerization 

and reoombination. They suggested a formula of the type: 

It is evident that oleavage as indioated by the 

dotted lines would give rise to a difruotose-anhydride suoh 

as ( 116): 
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OH H OH H 

This is the structure p:'cpcsecL by Ha~orth and 

Streight (117) for the difructose-anhydride originally 

isolated by Jackson and Goergen (105). In further support 

of the long-ohain formula, Ha~orth and Streight reported that 

inulin acetate, on extraction w ith hot water yields no hexa.­
a 

acetate of/ difructose-anhydride, though they found their inll.lin 

hexa-aoetate to be readily soluble in hot water. 

Sinoe an inulin complet ely inactive· to\1\ard Fehling' s 

solution had nevei' be en obtair1ed, Haworth, Hir st and l?erci val 

suggested that one end of the chain contained a Ïree reduoing 

group (the other having four free hydroxyl groupe and giving 

rise to tetramethyl fructose). This idea has reoently been 

opposed by Sohlubach and Schmidt (118), ~ho have prepared 

an inulin ~hich did not reduoe Fehling's solution. They 

therefore suggest that Haworth's formula must be modified to 

exclude the terminal reducing group and offer three possible 

~ays in whioh this may be done: 

(i) Presence of a terminal fructose-anhydride group 

(in whioh case, i t should be ·posai ble to isolate a dimethyl 

fructose, as in the oase of graminin (119)): 
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(ii) Presence of a trehalose linkage, ~hich 

seems unlikely; 

(iii) Formation of a large ring. 

In the last case, sinoe the isolation of tetramethyl 

fructose is an accomplished fact, the ring would have to be 

olosed through the medium of a non-terminal hexose unit. 

This again ~ould 5ive rise to a dimethyl fructose, the 

presence of which has not been reported. 

In addition to inulin, whioh has a large molecule, 

(page28) several ~ruatosans has been desoribed, most of ~hioh 

give varying amounts of dimethyl fructose ~han their methyl 

derivatives are hydrolyzed. 

Iris in 

In irisin, studied by Sahlubaoh, Knoop and Liu 

(120, 121), is found the first example of a naturally occurring 

polysaccharide containing a hexose side-ohain. This compound, 

isolated from Iris pseudoacosus, when methylated and then 

hydrolyzed yielded equal parts of a di- and a tetra-methyl 

fructose. The latter, by oxidation methods, ~as proved to 

be the l,D,4,6 derivative. Polymerization was assumed, by 

analogy ~ith inulin, to be through the 1,2 positions, and the 

structural unit ~as postulated as: 
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A tetra-fructose- and a di~fruotose-anhydride were 

isolated as intermediate ·produots of hydrolysis. The former, 

on methylation and hydrolysis, gave the usual mixture of di-

and tetra-methyl fructoses. The latter gave only a trimethyl 

fruotose, sho~ing that the sida-chain had been split off. 

The osazone formed from this sugar Ïailed to orystallize on 

inoculation with the osazone of 3,4,6-trimethyl fructose. 

This would seem to thro~ some doubt on the positions assumed 

for linkage and polymerization, sinoe, if the above formula 

as suggested by Schlubaoh be correct, removal of the side 

ohain, follo~ed by methylation and hydrolysis should yield 

3,4,6-trimethyl-fruoto-furanose. 

Graminin 

Shortly after the publication of these resulta on 

the constitution of irlsin, Sohlubach and Koenig (119) reported 

the isolation OI a fr11ctose ·polyraer fror.c1 rye flour. Sinoe it 

was found in small amounts in ether grains, they gave it the 

na.me "graminir1". It -would seem to have a structure resembling 
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that of dextran, as determined in the present investigation, 

for on the hydrolysis of the methylated compound, a mixture 

of di-, tri-, and tetramet:hyl fructose -was obtairled, v-hile 

methylated dextran, hydrolyzed with methanol-hydrogen chloride, 

yielded di-, tri-, and tetramethyl methyl glucosides. The 

ratio Ol the yields of methylated fructoses, from fully­

methylated gran1inir1, in the arder named, is given either as 

1:1:1 or (more probably) 2:1:2. Sine a se-paration was efteoted 

by conversion to the fructosides, benzoylation, and subsequent 

dibtillation of small amounts of material, these authors 

~ere unoertain ot the conclusions to be drawn from the 

yields obtained. The tetram~thyl fructose fraction ~as 

identified as 1,6,4,6, while the trimethyl is regarded as 

probably 3,4,6. The identity o1 the dimethyl sugar was not 

established, out it res~mbled that obtained from irisin. 

Cryosoopic moleoular ~eight determinations on the acetylated 

graminin as well as on the free polysaccharide regenerated 

from the aoetyla.ted compound gave values corres-ponding to 

~-10 fructose units. The molecular weight of the original 

polysaooharine, as determintd by the same method appeared to 

be somewhat lo~er, and was found to vary with the concentration 

used in its determination. In suggesting a formula, these 

au thors assume 10 anh,y-dro-fruotor:.e uni ts to be preser1t in 

the moleoule. 
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Sinoe the compound is non-reduoing, there is no 

terminal reduoing group, and, aoaording to the authors, sinoe 

no mono-methyl fr·uctose was isolated, this reducing group is 

not masked by an inner-anhydride. Therefore Sahlubach and 

Koenig (119) suggest a large ring as the only possible 

formula.: 

r 
l_ 

1 
_j 
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Sinistrin 

In sinistrin (122) obtained from the squill Soilla 

maritima it is suggested thert are fifteen fructose residues. 

Tritioin 

In triticin, present in oouoh-grass rhizomes, 

Sohlubach and Peitzner (12~) assume a olosed ring of fructose 

residues r·epresented by a multiple of 7, viz., either 14 or 

21. In the oase of both sinistrin and triticin, as in the 

case of graminin, tetra-, tri-, and dimethyl methyl fruotosides 

were isolated. 

Asparagosin 

Murakami (124) desoribes a fruotosan, asparagosin, 

isolated from the tubera of Aspara~s offiainalis, which he 

regards as oonsisting of only sevan fructose units, while 

Schlubaoh (125) from moleoular ~eight determinations of the 

polysaccharide, assigna a moleoular configuration of ten 

fructose anhydride units. The ratios of tetra-, tri-, and 
n 

dimethyl fructoses obtained by Sohlubaoh and Boe (125) from 

the hydrolysis of the fully-methylated produot, ~ere 1:8:1. 

Aaphodelin 

Asphodelin present in Asphodellus knollen is desoribef 

by Sohlubaoh and Lend~ian (126) as having a 1:5:1 fruotose 



anhydride ratio, but one of these units is said to be glucose 

(126), probably originating from an impurity. The difi·erent 

ratios obtained from the various fruotosans are shown in 

Table I. 

Table I 

Ratios of Di-, Tri-, and Tetramethyl :H'ruoto se Found 
on Hydrolysis of Various Fully-methylated Naturally 

Ooourring Fruotoaans 

Fructosan Tetra Tri Di 

Iris in 1 0 1 

Graminin 1 1 1 
or 2 1 2 

Sinistrin 1 3 1 

Triticin 3 1 3 

Asparagosin 1 8 l 

Mann ans 

With regard to the mannans and galaotans, there has 

been only a relatively small amount of somewhat soattered 

work carried out on these produots. In 1923 Fatterson (127) 

isolated a polysaccharide from ivory nuts whioh, on hydrolysis, 

gave 80fo of mannose. Repeated methylation gave a trimethyl 

mannan, whioh, on hydrolysis, yielded trimethyl mannose. 
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The latter sugar was identified in 1934 by Klages (128) 

as 2,3,6-trimethyl mannose. 1.4% Of 2,3,4,6-t~tramethyl 

mannose was also isolated, indicating the polysaccharide 

oonsisted of a chain of soma 80 manno-pyranose units linked 

through the 1,4-positians. Klages also isolated from 

mannan a manno-biose, and a manno-triose, and, on the basis 

of theü optioal behaviour oonoluded that both cÂ and ~ 

linkages are pre~ent in the original mannan molecule. It 

is interesting to note that Klages obtained a methoxyl content 

of 45.8% after only two methylations with dimethyl sulphate 

and alkali in the preser1ce of· benzene. 

A similar mannan from salep (129) has been assigned 

a ohain length of sixty units. It should be noted that this 

mannan is fairly soluble in water, while the ivory nut mannan 

is insoluble. 

A muoh simpler mannan termed "mannooarolose" (130) 

is disoussed under "baoterial polysaccharides". 

Ara·bo-Galaotans 

From certain coniferous ~oods, particularly that 

of the 1aroh family, water soluble polysaccharides, the 

arabo-galaotans, oan be extraoted. These have been shown to 

contain d-galaotose and 1-arabinose oomponents in a 6:1 

moleoular ratio (131, 132, 133, 134). Another arabo-
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galactan (135) from peanut seeds is atat~d to be oomposad 

of a repeating triose molecule consisting of one galactose 

and two arabinose units. A proportion of uronio acid may 

or may not be present as an impurity. 

It ~as assumed that arabo-galactan from larch was 

a homogeneous polysaccharide, but more recent studies 

(136, 13?, 138) of the acetates, propionates and benzoates 

of preparations from Eastern, Western, and European larohes, 

tend to discredit this hypothesis. 

W11ite (139} has shawn that the methy1 derivative 

of the polybaccharide obtained from the western larch Larix 

oooidentalis, when subjeoted to oom·plete hydrolysis and 

simultaneous glycoside formation, yields the glycosides of 

2,4-dimethyl-d-galaotose, 2,3,4-trimethyl-d-galaotose, 

2,3,4,6-tetramethyl-d-galaotose, and 2,3,5-trimethyl-1-

arabinose in the approximate moleoular ratio 3:1:2:1 

respectively. The isolation of a relatively large proportion 

of the terminal arabo-furanose unit as the crysta1line amide 

of the oorreaponding aoid, atrongly suggested a direct 

linkage of the arabinose fraction to the galactose units 

of the polysaccharide. The terminal galactose residues 

were sho~n (140) ~o possess a 1,6-linkage, by the isolation 

of ootamethyl-6-d-galaotosidogalaotose, as ~ell as 2,4-dimethyl~ 

6-tetramethyl-galactosidogalaotose, from ~he partial hydrolysis 
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produots of the methyl ether of arabo-galaatan. The formation 

of the latter compound demonstrated the branohed chain linkage 

of this arabogalaotan. The arabinose oomponent of arabo­

galaotan is joined to a tri-linked galactose residue, the 

position of auch linkage being through the one position of the 

arabinose component and the 6-position of the galactose 

residue (140A). 

White concluded that the structure of arabo-galaotan 

is best represented by a highly branohed ohain of galactose 

residues joined by oxygen linkage through both the 1,3- and 

1,6-positions, and that the terminal residues of arabofuranose 

and ga1actopyranose are linked to the 6-position of adjacent 

galactose anhydride units. This is in agreement ~ith 

Husemann's (141) views that arabo-galaotan is a highly 

branohed polysaccharide similar to starch. Owens (142) 

on the other hand on the basis of visoosity determinations 

regards it as possessing a spherioal moleoular form. 

Feroival (143) states that the main oarbohydrate 

portion of agar~agar consista of @-galaotopyranose units 

linked at vositions 1 and 3, since the main produots of 

hydrolysis of the fully-methylated agar-agar is 2,4,6-tz·imethyl 

galactose. 
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B. Baoterial Polysaooharidee 

The structures of a number of baoterial poly~ 

saocharides have been investigated. These inolude poly~ 

saocharides resembling the dextrans, others similar to the 

pneumooooous polysaccharides, also baoterial cellulose, 

levans, oomposed of anhydrofruotose units, and ·polysaoaharides 

of pathogenic organisms, and the very interesting oellulose 

type of polymer whioh has reoently been reported (144) in 

~hich the glucose units are joined in the 1,3 instead of 

the 1,4 ~ositions. 

/ 

Vermiforme Dextran 

/ 
Vermiforme dextran, the polysaccharide produoed from 

suorose by Betabacterium vermiform~ (Ward-Mayer) was shown 

(146) to oonsist of basal ohains of t~enty-five anhydroglucose 

unite joined by 1,6-linkagas. Osmotio pressure determinations 

indicated a moleoular weight of approximately 500 units, 

while a chain length of twenty-seven glucose units was 

suggested by the iodine number. Hydrolysis of the methylated 

polysaooharide yielded 2,3,4-trimethyl methyl glucoside (90%) 

and 2,3,4,6-tetramethyl methyl glucoside (5%). 

The polysaccharides produoed from suorose by suoh 

nitrogen-fixing organisms as Rhizobium radiaioolum (olover 



- 40 ~ 

strain) and Azotobacter ohrooooocum consist of about 90% 

glucose and 3-4% uronio aoid residues (146). Both probably 

belong to the same olass as the speoifio polybaocharides 

Fneumoooocus Types II and III (page 48). 

Bacterial Cellulose 

Hibbert and Tarr (12) determined the optimum con­

ditions for the preparation of bacterial cellulose by the 

action of Acetobacter xylinum on glucose, fructose, glyoerol, 

sucrose, mannitol and galactose. Hibbert and Barsha (1~, 147) 

showed that the baoterial cellulose was identioal ohemioally 

~ith cotton cellulose. Baoterial cellulose and cotton cellu­

lose yielded the follo~ing derivatives with approximately 

the same yields and physioal constants: cellulose triacetate, 

«- and ~-methyl glucosides from cellulose triacetate, 

trimethyl cellulose, 2,D,6-trimetbyl methyl glucosides, 

2,3,6-trimethyl glucose and cellobiose oota-aoetate. X-ray 

diagrams of the two types of cellulose were similar, and the 

baoterial cellulose acetate oould be spun into a thread. 

Le vans 

Harrison, Tarr and Hibbert (11) investigated the 

production of levan from suorose by the action of B. subtilis 

and B. mesenterious (and the oorresponding enzyme). The 

structure of the product synthesized by B. subtilis was 
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determined by Hibbert and Brauns (148), and that obtained by 

the action of B. mesentericus and the oorresponding enzyme by 

Hibbert, Ti-paon and Brauns (149), tb.e t'lAo being found identical. 

Hydrolysis of trimethyl levan gave a trimethyl fructose, which, 

by oxidation methods, ~as shown to be 1,3,4-trimethyl fructo~ 

furanose. This left the 2 and 6 positions open for linkage 

bet~een the hexose units, as compared with the fructose poly­

saccharide, inulin, where the junotions involve positions 

1 and 2 (page 2 5 ) • 

The levan synthesized by B. subtilis from raffinose 

waa sho~n by Mitchell and Hibbert (150) to be identioal with 

that obtained Îrom sucrose. 

Challinor, Ha~orth and Hirst (151) on the basis of 

the yield of tetramethyl fructose from the hydrolysis products 

of fully-methylated levan, have determined the chain length of 

levan as 10-12 fructofuranose units, and confirmed the structure 

put forward by Hibbert and oo-~orkers. 

Other levans produoed by widely-dif~erent organisms 

all have similar structures to B. subtilis levan, e.g. the 

lavans obtained from suorose by B. megaterium, Baot. pruni, 

Baot. prunicoli (152} and tho se (153) forn1ed from suorose or 

raffinose by Gram~negative milk and soi1 organisms 

(Aotinomyoetes). Certain differences in the properties of 

lavans produced by different organisms are probably due to 

varying degrees of aggregation of the re-peating unit. 
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Folyeaooharides of Pathogenia Bacteria 

Few of these polysaccharides are capsular carbo~ 

hydrates, and very little is known of their ohemical structures. 

In gener;al, they consist of more than one simple sugar. For 

example, hydrolysis of the polysacoh~ride from one strain of 

oholera organism yields glucose and galactose. The polysao~ 

oharide of one strain of leprosy baoillus oonsists of pentosans 

mostly, oomposed of ar·abinose mainly, wi th a small amoilllt of 

galactose (154). Varying proportions of mannose and arabinose 

are obtained on hydrolysis of the polysaccharide of tubarcle 

baoillus strain H-37 (155}. The latter polysaccharide differa 

from those of the phosphatides prepared from the bacterial 

residues from tuberoulin, which consist of inositol and mannose 

( 156). 

Polysaccharides of Molds and Yeasts 

Mannooarolose 

Mannocarolose is produced by the aotion of the mold 

Penicillium Charlesii G. Smith (130) on glucose. Hydrolysis 

of the methylated derivative and conversion to the mannosides 

was reported (130) t~ give 2,3,4-trimethyl methyl mannoside 

(75%), 2,b,4,6-tetramethyl methyl mannoside (13.4%) and di­

methyl methyl mannosida. The latter was assumed to be the 
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result of inoomplete methylation, since the methylated poly­

saccharide had a methoxyl content of only 44.4%. The authors 

oonclude from these results that mannocarolose consists of 

8-9 manno-pyranose units linked through the 1~6 positions. 

However, 2,~,4-trimethyl mannose has since (167) been 

synthesized and is quite different from the trimethyl mannose 

isolated from the hydrolysis products of methylated manno­

oarolose. The structure of the latter is, therefore, still 

unkno,çn. 

Galaotooarolose 

Galaotooarolose produaed by the same mold from 

glucose was investigated by the same au thors (158,). l~anno ... 

oarolose and galactooarolose were produced under the same 

conditions and they were isolated from the pol~saccharide 

mixture of the Czapek-Dox medium (lti~) in about equal amounts. 

Hydrolysis of methylated galaotocarolose yielded 

2,3,6,6-tetramethyl methyl galaotofuranoside (12.4%) and 

2,3,6-trimethyl methyl galactoside (80%). These resulta 

point to a chain of 9 to 10 units, joined through the 1,5-

positions, i.e. a furanose sugar. 

Varianose 

Varianose, produoed by the action of the mold 

Penicillium varians G. Smith on glucose, was found (160) to 
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oonsist of 6 to 8 p -galaotopyranose uni ts, (1 ,4-linkages}, 

with a glucopyranose radical at one end and either 1-altrose 

or d-idose at the reducing end. 

Yeast l'liannan 

Yeast mannan ~as investigated by Ha~orth, Hirst and 

Isherwood (161). The yeast mannan ~as extracted from the 

cell wall by the action of boiling dilute alkali on baker's 

yeast. It ~as separated from the extraoted materials in the 

form of its copper hydroxide oomplex, and after removal of 

the oopper was purified by rapeated precipitation from 

aqueous solution by aloohol. Hydrolysis of the methylated 

mannan ~as reported to yield 2,3,4,6-tetramethyl methyl 

mannoside (one part), 2,3,4-trimethyl methyl mannoside 

(one part), and 3,4~d1methyl methyl mannoside (one part). 

à structure for the yeast mannan ~as ·proposed on the basis 

of these results. However, the trimethyl methyl mannoside 

was not the 2,3,4-isomer (157), and therefore the struoture 

of this polysaccharide ia also not yet definitely known. 

Insoluble Polysaccharide from Yeast 

The structure of an ir1soluble polysaccharide from 

the yeast Saooharomyces oerevisiae waa investigated by 

Zechmeister and Toth (162), and also more recently by Hassid, 

Joslyn and MoCready (144). The isolation of 2,4,6-trimethyl 
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glucose as the sole product of the hydrolysis of the methylated 

polysaccharide indicated a ohain of gl~copyranose units joined 

by l,o-glucosidic linkages. This is the first reported 

occurrence of such a linkage and stands out in marked oontrast 

to the previously assumed general type of 1;4 linked glucose 

units found in a vvide variety of naturally ooourring poly­

saccharides. 
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Immunologica.,l Significa.nce of Bacteria_l 

Po Ly saccha_ri d~ 

Investiga.tions on the immunologica.l chara,cter of 

tbe de:xtra,ns have been ca.rried out ma,inly from the sta.ndpoint 

of the properties of dextran as an antigen. In a recent 

investigation (18, 60), however, it has been shown tbat 

dextran possesses the properties of a haptene (page 7). 

Zozaya (17) reported that nitrogen-free Dextran II 

was not antigenic, but could be rendered antigenic by 

adsorption upon a colloidal carrier such as collodion 

(precipi ta.ted from acetone solution into wa,ter). Lat er work 

indicated that the Dextran II which bad been used in this 

investigation was not nitrogen-free. 

Zozaya. (17) also reported that Dextra.n II rea.cted 

immunologic~lly with antisera of pneumocooci, cert~in of the 

Sa .. lmonella. group, and some types of Streptococcus viridans. 

FitzGers.ld (15) found that the antibody response 

of rabbits toward 1.5~: a.queous dextran solutions varied with 

the nitrogen 'bacterial) content of the dextran. There was no 

response when the nitrogen content wa>s less than 0.2%. 

Hebre (55) mentions briefly precipitin tests with 

anti-Leuconostoc sera, and dextran, but no details are given. 



- 47 -

Pneumooooous Polysaccharides 

The po1ysaooharides of pneumocoocus have been the 

subjects of numerous investigations in the past t~enty years 

(163). The researohes of Heidelberger, Avery, Goebel (163) 

and co-~orkers have shown that the oapsular carbohydrates of 

pneumooooous are responsible for inMunologioal type speoifioit~, 

and that these oarbohydrates may funotion not only as 

haptenes but also as antigens, if the method of isolation has 

been sufficiently mild so that ·no funotional groups are 

removed. 

The oharaoteristios of the polysaccharides of pneumo­

coccus Ty·pes I - XXXII have ·be en studied in sorne detail (164). 

All these polysaccharides are optically active, twenty-five 

being dextro- and sevan laevo-rotatory. Nine were uronio 

aoids; seventeen ~ere, partially at least, oomposed of amino 

sugars. Types I, IV, -v, XII, XXV contained up to 5% ni trogen. 

Removal of nitrogen with nitrous aoid resulted in a losa of 

speoifioity. Ten polysaooharides oontained no nitrogen. 

The maximum aoetyl content was 16% in the cases of IV and XI. 

A few of the polysaccharides oontained phosphorus, the 

maximum being 6.4% in the oases of Types XXVIII and XXXII. 
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Significanoe of Aoetyl Groups 

Pneumooocous polysaccharides isolated by early 

extraction methods oontained no aoetyl groups. The use of 

milder extraction methods (165), however, permitted the 

isolation in certain oaaes of aoetyl-oontaining polysaccharides. 

These aoetylated carbohy~rates are antigens, and ~ere sho~n by 

Avery and Goebel (165) to be immunologically different from 

the deaoetylated polysaccharides which ftu!otion as haptenes 

only. 

Chemioal Structure of Pneumocooous Polysa9oharides 

Acid hydrolysis of ~neumooooous polysaccharides has 

revealed something of their ohemical structures. The hydrolysis 

products are glucose, glyouronio or aldobionic aoids, amino 

sugars or mixtures of these, e.g. (yields on the basis of 

glucose (37) ): 

Type r. Folysaooharide yields 28% galaoturonio aoid, and an 

amino-sugar derivative. With methanolia hydrogen ohloride 

galaoturonio methyl ester is obtained. 

Type II. Polysaccharide yields glucose ( 70'/~). (Reducing 

sugars a1ter hydrolysis 95%). 
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Type III. Folysaooharide yields oellobiuronic acid (166), 

( reducir1g sugar a after hydrolysis 85;~). 

Reeves and Goebel ( ô8) have recer1tly observed that 

hydrolysis of the reduoed methylated oapsular polysaccharide 

of r_rype III pneumoooocus yields 2,3, 6-ti· imethyl glucose and 

2,4-dimethyl- ~- and p -methyl glucosides. The methylated 

aldobionio aoid units are linked through position 3 of the 

methylated gluouronio aoid residue. In the polysaccharide 

glucose is linked ta the third carbon atom of the glucuronio 

acid ~hich in turn is linked to the Ïourth carbon atom of 

the seco1:1d. glucose molecule. The glucur·or1osidic linkage 

has the r configuration and the configuration between the 

aldobionio aoid units is assumed to be of the same type. 

It is of interest to find the linkages of the saocharide 

units alternating bet~een positions three and four. 

Ty·pe VIII. Polysaccharide yields oellobiuronio acid and 

glucose (166). (reduoing sugars after hydrolysis 87%). 

The nwnerous researohes of ·Joebel and oo-workers 

have shown that the nature of the sugar in a oarbohydrate­

protein complex determines the speoifioity of the oomplex. 
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DISCUSSION 

The Role of Methylation Studies in the 

Determination of the Structure of 

:Polysaccharides 

Methylation OI Dextran 

Since dextran passasses a very oomplicated structure, 

its complete methylation (~hioh presented unusual difficulties), 

prior to hydrolysis, is of the utmost importance. The 

signifioance of this phase of oarbohydrate ohemistry, which 

appears to have been disregarded by many workers, should be 

pointed out. 

The determination of the constitution of a poly­

saccharide, as Irvine (93) has pointed out, is dependent upon 

a knowledge of tour things: 

(a) the nature of the sugars in the polysaccharide; 

(b) the btereoahemioal configuration o! the se sugara; 

(o) the position of lir~age or linkages of the 
individual units; 

(d) the position and nature of the internal oxygen 
ring. 

Simple hydrolysis is suificient to determine the 

nature of the constituent sugars, ~hile thbir stereoohemical 

configura ti ons may be established oy the action of enzyn1~s, 
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anà also by their optical behaviour (167). A kno~ledge 

of the spatial position OI the carbon atoms involved in the 

linkages bet~een the sugar units, and in the formation of the 

internal oxygen ring, can be arrived at only through sub­

stitution of t:he free hydroxyl groups ~i th unhydrolyzable 

residues prior to hydrolysis, followed by identification of 

the hydrolysis products. Irvine (168) in 1909 pointed out 

the a·p-plioa.bility of the methyla.tion reaotion for this -purpose. 

His prinoiples were quickly adopted by workers generally in 

this field and have beoome more or less standard practiae. 

Haworth and his co-~orkers (lo9, 151, 96) have extended the 

apJ>lication of the methylation reaction to include the 

determination oi· the ohain length of polysaccharides. 

t1ethylation of the glycosidic hydroxyl group, ~i th 

the formation of methyl glycosides, dates from the time of 

Emil Fischer (170). Methyl aloohol, in the ~resenoe of acid 

oatalysts, as used by him, is still employed today for this 

pur-pose. 

The classical method of methylation of the alcoholic 

hydroxyl groups in non-reducing oarbohydrates is that of 

Purdie and Irvine (171), and consists of treatment with 

methyl iodide in the presence of silver oxide. The procedure 

is, ho~ever, slow and expensive, and a distinct advance waa 

made ~ith the introduction of dimethyl sulphate and alkali 
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as methylating ager1ts. Denham and Woodhouse (172) in a 

preliminary investigation on cellulose, carried out methyl­

ations by treating cellulose, previously steeped in sodium 

hydroxide solutions, ~ith dimethyl sulphate. 

It remained for Haworth (173), working at that 

time in Irvine's laboratory, to develop the procedure by 

means OÏ which the reaction, whioh no~ bears his name, oould 

be most suocessfully aarr· ied out. HG also la ter introduoed 

the simultaneous deaoetylation and methylation of aoetyl 

oompounds, in cases ~her·e standard type methylation was found 

to be diff.ioul t. 

Diazomethane,, . whioh finds a pp li oa ti on in many 

organic methylations, has been little used in oarbohydrate 

ohemistry. It is generally oonsidered to reaot only with 

hydroxyl grou·ps of an aoidic natu.re, but in the presence of 

traces of moi sture i t is kno~n to me tl1ylate polysaaollai~ ides 

(174, 175). Where methylation by means oi this reagent is 

possible, the formation of inorganio salts as by-products of 

the reaction is avoided. 

The use of methyl iodide has been extended by 

utilizing the ~reliminary formation of a metallic derivative, 

followed by treatment with the halide. Fear and Menziea 

(176), by treating methyl glucoside V~Ji tl1 thallium ethylate, 

formed a tri-thallium methyl glucoside (85% yield), and this 
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on refluxing with methyl iodide gave a trimethyl methyl 

glucoside in good yield. 

Sahmid and Becker (109) in 1925 investigated the 

tormation of metallio alkali derivatives of various carbohydrates 

using liquid ammonia as a solvant. They also suggested the 

possibility of iorming methyl ethers by subsequent treatment 

of these metallic derivatives with methyl iodide. This, 

however, was a~parently not attempted until l9o4, ~hen Muskat 

(57) r6ported the methylation of diacetone glucose by treatment 

of the potassium derivative in ether solution ~ith methyl 

iodide. By a modification of this method, the complete 

methylation of d~xtran finally has been acoomplished by the 

~ri ter. 

1\lfost of th{; oomplex polysaccharides, suah as cellu­

lose (65, 74) mannan (161, 157), glyoogen (91, 177, 83), 

inulin (96), levan (178), graminin (119,121), sinistrin (122), 

tritioin (12D) and araban (179), consist of long linear or 

intricately branched chains. When suoh a compound is 

methylated and hydrolyzed, every non-aldehydio end group 

yields tetramethyl glucose, every bra11ohed union yields 

dimethyl glucose, ~hile ~rimethyl glucose is obtained from 

all remaining units. Basides ·the searoh for end groups 

(tetramethyl hexoses and trimethyl pentoses), the location 

of the positions of branching (dimethyl hexoses and monomethyl 
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pentoses) is beooming of increasing importance. The presence, 

therefore, of a dimethyl hexose among the hydr·olysis products 

of a methylated polysaccharide could have a very definite 

structural significance, so thut the importance of complete 

methylation oannot be over-emphasized. A methoxyl value 

for the methylated polysaccharide 1 or 2)1~ lower than the 

theoretical, can render the resulta worthless with respect 

to the position of branched-ohains and consequently to the 

structure assigned to tl1e ·polysaochar ide. Complete methyl~ 

a.tion, as many ~orkers r.1.ave found, is inrpossible by the use 

of dimethyl sulphate and alkali alone. Despite the above 

rather obvious faots, many papers (145, 130, 162) have 

reported the results of hydrolysis of incompletely-methylated 

polysaccharides in whioh the methoxyl cont~nt ~as as low as 

42.b% (162) or 44fo (145), (theoretioal 45.6%). The English 

school (62, 145, 1~0) in partioular use only the Ha~orth 

methylation technique, and while theil' fir1al yields may 

approaoh 65% of the theoretioal (62), a methoxyl content of 

44.5fo for the methylated polysaccharide (62) seems to be the 

maximum obtained by this prooedure. 

In this respect it is of interest to note the 

dii"fioul ty experienoed ir1 exhausti vely methylating star ch to 

a value of 46. 6/~ methoxyl. Karrer ( 180 ), using me thyl iodide 

and silver oxide obtained 32.6% methoxyl. Sahmid and 
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Zentner (175) found only 2l)o using diazomethane. Irvine and 

Macdonald (181) by means of dimethyl sulphate and alkali 

obtained a 61~0 yield of a product wit~h 27.2/~ methoxyl; 

Freude11berg (182) obtaint;d 38>~ methoxyl by the same method. 

Hess and Lung (18a) increased the methoxyl oont~nt by the 

dimethyl sulphate method to 42-43%, and finally to the 

theoretioal value using the Muskat method. 

It ~as only aftbr tLe exhaustive methylation of 

staroh ~as made ·possible that the proportion of end groups 

(tetramethyl glucose) ~as shawn to be approximately equal to 

the ~roportion of branohing ·po si ti ons ( dimethyl glucose) 

for every t~enty glucose units (89). 

On the other hand, mannocarolose, the mannan pro­

duced from glucose by the action of the mold Penicillium 

charlesii G. Smith (1~0), on hydrolysis of its methylated 

derivative, yielded 10% of dimethyl methyl mannoside in 

addition to tri-, and tetramethyl methyl mannosides (page 42). 

The ~resence of the dimethyl methyl mannoside was assumed to 

be due to inoomplete methylation, sinoe the methylated poly~ 

saccharide had a methoxyl content of only 44.4%. 

Complete methylation of Dextran I to a theoretical 

value of 45.6% methoxyl (based on three free hydroxyl groups 

par glucose anhydride unit), has offered almost insuperable 

difficulties, and much time and effort have been spent in 
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overooming these. Previous workers (49; pages ô~-40) 

in these laboratories used a wide variety of methylating 

agents ooth k.nown, and not previously used, for this purpose. 

Thus for example it was early found that by the use of di­

methyl sulphate and caustio soda it ~as possible to raise 

the methoxyl value after six or seven methylations to about 

40~41% (theoretioal tor fully methylated produot 45.6%), but 

in spite of repeated additional methylations it ~as not 

possible to obtain a higher value by the use of this methylat­

ing agent. 

It may be that the diffioulty was due to the initial 

formation of a dimethyl derivative, whioh resisted further 

methylation. It is interesting to note, in this respeot, 

the similar diffioulty enoountered in the methylation of 

star oh (page 54) where a methoxyl oontent oorresponding 

ap·proximately to a dimethyl star ch w~s obtained wi th com­

parative ease, and which proved resistant to further methylation. 

Attempts to inorease the methoxyl oontent of dextran 

by the use of methyl borate were unsucoessful (49), but the 

use of thallium ethylate and rnethyl iodià.e brought about an 

inorease in value (49). Even ~ith this reagent, howev~r. 

the final methoxyl value oould not be inoreased beyond 43.3%. 

Attempts to affect oomplete methylation were also 

tried uaing the Furdie methylation teohnique (silver oxide 
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and methyl iodide) but the results ~ere likewise unsuocessful. 

the maximum methoxyl contant remaining at 43.3% (49). 

Complete methylation of Dextran I to the theoretioal 

value of 46.6% OCH3 now has been aohieved oy the writer using 

a oombination of the Haworth and Muskat techniques. 

Throughout these later investigations, every 

precaution was taken to obtain yields of material as nearly 

quanti tati va as ·possible, in or der that conclusions dra:wn 

oould be based on results involving the greater part of the 

original material, and therefore be of real significanae. 

With dextran and its derivatives, this involved reduoing 

experimental manipulations and transfers to a minimum, sinoe 

these oompounds are very diffioult to handle on aooount of 

their physiaal properties. 

The Dextran I to be methylated had been prepared 

by previous workers (48). No purification was carried out 

prior to Ha~orth methylation, sinoe the impurities (page 99) 

were removed during the partial purification of the Haworth~ 

methylated dextran. 

The Ha~orth methylation teohnique was modified 

(page 99) and better yields (90%) of produot with a higher 

methoxyl content (40.5% methoxyl) ~ere obtained ~ith only 

three methylations. This oan be oompared to the five to 

t~elve treatments reported by previous workers ~ho obtained 



- 58 .... 

average methoxyl contents ranging from 43% to 44.5~ (49, 56, 

ôl, 62). This more efficient methylation ~as ·partly due ta 

the rapid and complete stirring of a fine suspension of the 

dextran. 

To lassen possible degradation of the partially­

methylated dextran, an atmos·phere of ni trogen was maintained 

during both the Ha~orth methylations, and concentrations of 

solutions, also heating of strongly alkaline solutions for 

appreciable periods of time was avoided. For example, after 

a methylation, the reaction mixture was first neutralized and 

then made just slightly alkaline before being heated to 

des troy sodium me thyl sul·phate. Also, all evaporations vve re 

carried out at reduoed presbures (20 mm.) and at low temperatuxes 

(maximum 500). Exoess alkalini ty and aoidi ty \\ei'e avoided at 

all times. 

During the Ha~orth methylations large quantities of 

sodium sulphate are formed as a by-produot, and dialysis ~as 

found to be the best method of eliminating this inorganio 

material. Various types of dialyzers wer€ tried, but all 

were found unsuitable either beoause an exoeptionally long 

time was required to dialyze away the sodium sulphate, or 

beoause large amounts of dextran ~assed through the membrane 

and ~ere thus lost. The latter in partioular was the ohief 

diffioulty ~hioh many workers in this laboratory had enoountered 
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previously and was one of the main reasons for the reported 

low yields of methylated dextran (49, 56). The author found 

that the most suitable type of dialyzer was that described 

on pages lOD-5. It is extremely simple, and very efficient. 

Cellophane (Du Font #bOO, a non-ooated produot), permitted 

ready dialysis of sodium sulphate with no appreciable loss 

of partially-methylated dextran, ~artioularly at temperatur-es 

about 66°. The Haworth methylation reaction mixture 

originally oontains large quantities of preoipitated sodium 

sulphate, but this passes into solution and is rapidly removed 

during dialysis. 

The methylated dextran ~as less soluble in ~ater 

(alkaline solution) than native dextran, and preoipitated out 

during the Ha~orth methylation. It was possible therefore to 

remove most of it from the reaction mixture by centrifugation. 

Dialysis of the supernatent methylation solution oould then 

be oontinued without I'iSKing the loss of the bulk of material 

in oase the dialysis sack should break. Dialysis ~as 

oontinued until the sodium sulphate no longer orystallized 

out when the dialyzed solution was conoentrated to a volume 

sufficiently small to be readily remethylated. This usually 

involved a dialysis period of nine hours. 

Partially-methylated ~ater-insoluble dextran, 

aontaining approximately 40% methoxyl was obtained by three 
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successive Haworth methylation& and further treatment by this 

method did not inorease the value. Washing ~ith hot ~ater 

~as the m6thod used, at this st~ge, for the partial purification 

of methylated dextran. The r6latively large amounts of ash 

(Ca. 9%) ~hioh ~ere not removed, apparently did not lessen 

the efficienoy of the Muskat methylation. 

Methylations ~ere continued, using various modific­

ations of Muskat's method (57) which have been reported in 

the literature but none of these ~as found suitable in this 

oase. 

The first variation attempted ~as that desoribed by 

Fo~ler (49}. àpproximately an additional one percent methoxyl 

oould be introduoed by eaoh methylation until a maximum 

value of 43% methoxyl was reaohed. This method also required 

many transfers of material resulting in large losses. 

The Muskat procedure ~as, therefore, slightly 

modlfied as described by lireudenberg (184), but in this case 

the maximum methoxyl value obtainable ~as even lo~er than 

that obtained previously, 

The method ~hich finally proved suocessful ~as an 

original modification of the Fo~ler and Fteudenberg 

procedures. The construction of the apparatus (page 111) 

(Diagram II) designed for the Muskat methylations of 
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partially-methylated dextran was such that no removal of 

product was neoessary prior to final purification. Here 

again approximately an additional one percent "'as, in general 

introduoed by eaoh methylation, although in several oases it 

was found that the first Muskat treatment ~as several times 

as efficient as the later methylations. Efficient stirring 

also plays an important role in the progress of the methylation 

sinoe although partially methylated dextran is soluble to 

sorne extent in liquid ammonia, the sodium salt of methylated 

dextran exista only as a suspension in both ammonia and anisole. 

With the apparatus sho~n it was possible to form 

the sodium salt, allow it to reaot with methyl iodide, and 

then to repeat the whole prooess several times without 

removing the material from the reaction flask. 

These Muskat methylations were carried out in an 

atmosphere of nitrogen wherever feasible. This ~as espeoially 

important during vaouum evaporations. Temperatures above 50°, 

and strongly alkaline or acid solutions were avoided, and the 

greatest oare was taken to exclude moisture during the methyl-

a ti ons. Degradation ohanges resulted ~hen the sodium salt 

of partially methylated dextran was exposed to heat, air or 

moi sture. 

The grea test losse a of mater ial oco"Llrred dur ing the 

purification of methylated dextran. These ~are inevitable 
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beoause of the nature of the substance. It was primaz·ily to 

minimize these, and to save time, that the apparatus shown in 

Diagram II (page LU) ~as designed, and in which a series of 

three lJluskat methylations vwere oarried out before attempting 

·purification of the product. The im-pur i ties are essentially 

sodium iodide, and some methyl ammonium iodides, the latter 

being formed in s~ite of all precautions taken to remove 

wrunonia before addition of methyl iodide. The methylated 

dextran is soluble in ohloroform leaving the sodium iodide 

as a residue. The soluble quaternary ammonium salta however 

are preoipitated ~ith the methylated dextran on addition of 

petroleum ether. Also, methylated Dextran I is insoluble in 

hot and oold water ~hile sodium iodida and quaternary ammonium 

salta remain in the aqueous solution. Several treatments in 

this mannar removed most of the lmpurities. 

After the water treatments, the dried methylated 

dextran was dissolved in ohloroform. Usually there was no 

appreciable residue, but any insoluble material oould be 

readily separated from the ohloroform solution by centri­

fugation and filtration. One to two volumes of ·petroleum 

ether (~0-50°) were added to the ohloroform solution until 

a noticeable turbidi ty develo·ped, and this preoipi tate, 

whioh oontained most of the remaining impurities, was 

separated by centrifugation and filtration. The su·pernatent 
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solution was then preoipitated into sufficient petroleum­

ether (D0~60°) to make the final ratios of methylated dextran: 

chloroform: petroleum ether approximately 1:10:200. By 

use of this procedure and one precipitation only, a powdery 

produot -was obtained muoh purer than that isolated previously 

after several precipitations, and in whioh no precautions 

had been taken to remove ash~ This procedure is simpler, 

and safer than the purification by dialysis previously used 

(56). 

The yield of fully~methylated dextran aftex six 

Muskat metl1ylations was 79.3% oalculatad on the weight of 

Ha~orth-methylated ( 40. b~,b OCH3 ) produot taken, and 71.4% 

oalculated on that of the original dextran. This yield is 

oonsiderably higher than that obtained b~ previous ~orkers 

in the dextran field. It is to be noted that earlier 

investigators (56, 61, 64), with one exception (60), oarefully 

avoided any mention of aotual yields of fully methylated 

dextran obtained by Muskat methylation. 

that a much higher yield (page 119) 

It is also apparent 

of methylated 

dextran could have been obtained if fewer Muskat methylations 

had been oarried out, but tl1e dextran would not have been 

fully-methylated, and the isolation of a dimethyl methyl 

glucoside on hydrolysis of this partially-methylated dextran 

would not neoessarily have had any structural signifioance 

(page 54). 
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The homogeneity of fully-methylated Dextran I ~as 

indicated by means of viscosity determinations of the fraction­

ated produots (Table V, page 120). Divergencies in these resulta 

are of the same order of magnitude as those previously reported 
/ 

by Daker and Stacey (145) for homogeneous methylated vermiforme 

dextran. The fractions ~ere therefore aonsidered to represent 

similar degrees of aggregation. 

An attempt was similarly made to sho~ the homogeneity 

of the native Dextran I used for the methylations. This was 

unsucoessful, however, due to the failure to find a suitable 

solvant for Dextran I. 
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Hydrolysis of Methylated Dextran I 

Fully methylated :P~xtran I proved extremely 

resistant to hydrolysis. This together with the insolubility 

of native dextran in ~ater and most oommon organio solvants, 

indioated it as being the most highly polymerized dextran 

hitherto investigated. 

There are t~o principal methods used for the hydrolysia 

of methylated polysaccharides: 

(a) Methanolia hydrogen ahloride (56), whereby, in 

one step, the polysaccharide is hydrolyzed to its component 

sugars and these in turn converted to the oorresponding 

glycosides. 

(b) The use of a dilute acid such as hydroohlorio 

ac id in 50;'& aqueous aaetio ac id ( 61, 62, 145), followed by 

isolation of the free sugars and their conversion to the 

glucosides by means of methanolio l1ydrogen ohloride. 

Method (a) was first tried sinoe it ~as a one step 

procedure. The methylated Dextran I was insoluble in 

methanol hydiogen ohloride, while the hydrolyais produots 

were soluble. The complete disappearance of solid material 

was therefore used as an indication of the ·progress of the 

hydrolysis. Failure of the hydrolysis solution to reduce 

Fehling's solution was the test used for the complete 
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conversion of the free sugars to the glucosides. 

In the first experiment, methylated Dextran I was 

refluxed, at atmospherio pressure and in an atmosphere of 

nitrogen, ~ith methanol containing 2~ hydrogen chlorid& After 

t~elve hours, the dextran had still not gone into solution. 

Similar resulta were obtained ~hen 8% hydrogen ohloride was 

used and the heating period extended to twenty hours. In 

this case the dextran was hydrolyzed sufficiently into 

shorter ohains to p6rmit of a partial solution of the material. 

Ho~ever, complete hydrolysis to the individual sugars was not 

obtained. 

Further hydrolysis experimenta were oarried out in 

sealed glass tubes under pressure. Methylated dextran showed 

no physical changes after being in contact with methanol 

oontaining 2% hydrogen ohloride under the above conditions for 

48 hours at 95-98°. Here again longer periods of heating, 

or more ooncentrated aoid solutions merely degraded the 

dextran. 

Completa hydrolysis was finally aohieved by heating 

a mixture of methylated dextran and methanol oontaining 2% 

hydrogen ohloride, to 140-142°, in a tilting eleotrio oven 

for 60-65 hours. 

Under the drastio conditions required for the 

oomplete hydrolysis of the methylated dextran, methyl le.vulinate 
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( '~) ~as formed as a decomposition product. This was 

not deteoted until an attempt had been made to fraotionate 

the hydrolysis mixture through an efficient fraotionation 

oolumn, (described in the experimental section (page lDO) 

when it ~as found in the first fraotion collected, the 

boiling-point being much lo~er than that of the methylated 

glucosides. This may erplain why previous ~orkers (49, 56) 

have reported a yi~ld of only about 85;'o for the hydrolysis 

of methylated Dextran II, sinoe they used a Widmer flask 

for the fraationation, and the reoeivers ~ere not oooled. 

The methyl levulinate, with other possible decomposition 

products thus escaped condensation. 

Other investigators (185, 186) have also observed 

the formation of small amounts of metbyl levulinate during 

their investigations on the hydrolysis of methylated 

polysaccharides. In general, however, this faot has been 

overlooked in the majority of the investigations reported 

in the literature. It is the writer's belief that in future 

investigations
1
espeoially of the more oomplex polysaooharides, 

now attraoting the interest of carbohydrate ohemists, and 

whiah, beoause o:t' their oomplex nature, require drastio 

conditions for hydrolysis, the detection and determination 

of by-pi' oduots suoh as mentioned above will have to be 

oonsidered very oarefully. 
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The formation of levulinio aoid from glucosides is 

wall known (187). All pentosans~ on heating ~ith hydroohlorio 

or sulphuric aoid, undergo dehydration with formation of 

furfural (188). 

:Pentose 

CH==C~ 
1 /0 
CH==C-CHO 

Furfural 

In an analogous manner. methyl pentoses yield 

methylfurfural (18~) 

Methylfurfural 

From hexoses w -hydroxy methylfurfural is formed. 

W -hydroxy methylfurfural 
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This latter, however, in presence of aoids loses 

formic acid with formation of levulinio aoid (190, 1g1, 192), 

the mechanism oi the reaction being unknown. A oharaoteristic 

reaction of hexoses aan therefore be formulated, acaording to 

Tollens (19D), as: 

Levulinic Acid 
The detection of methyl levulinate in the hydrolysis 

mixture raised the question as to what extent the three 

methylated sugars, 2,o,4,6~tetramethyl glucose, 2,~,4-trll1ethyl 

glucose, and 2, 3-d.imethyl glucose, as well as the ir cori espond-

ing glucosides, decompose ta give this product under the con-

ditions used for hydrolysis. It ~-:1S four1d that eaoh of the 

free sugars decomposed in this manner, and to the same extent 

(about 1.5% methyl levulinate isolated as 2 ,4-dini tro-phenyl-

hydrazone), vwhile t!1e oorresponding glucosides were stable 

under the same conditions. This sida reaction, therefore, 

does not afieot the final ratio assigned to the three 

glucosides (page 78). The decomposition to methyl levulinate 

therefore takes place during the interval between the 

hydrolysis of the methtlated dextran to its methylated 

sugars and thelr subsequent conversion to the glucosides. 

It ~as found neoessary to remove the methyl 

levulinate prior to fractionation by heating an aqueous 
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solution of the glucosides with barium hydroxide, ~hereby 

the levulinate v.as hydrolyzed and Iemoved as the barium salt. 

The overall yield of the hydrolysis products from 

methylated Dexti·an I, after removal of the methyl levulinate, 

was 95%. Of the 5% of the material lost during hydrolysis, 

4')b of this could be accounted for as methyl levulinate. 

A methoxyl determination of the glucosidic mixture at this 

stage gave a value of 52.3% OCH3 , (oaloulated for c6H8o2 (0CH3 )4 , 

OCH3 ~ 52.6%). The mixture did not reduoe Fehling's solution, 

showing the absence of free reduoing sugars. 

The second method (b) ~as used for the hydr·olyais 

of methylated dextran in an attempt to avoid the undesirable 

formation of methyl levulinate, but without sucoess. A 

mixture of 50% aqueous aoetio aoid and 2% aqueous hydro~ 

ohlorio acid did not completely hydrolyze the methylated 

dextran aftbr heating to 100° for 25 hours. At the same 

time a black insoluble residue formed. The long time of 

oontaot under the above conditions decomposed rather than 

hydrolyzed the~dextran. 



- 71 -

Fractionation of the Hydrolysis Froduots 

The quantitative separation of mixtures of 

~artially-methylated glucosides, obtained on hydrolysis of 

methylated polysaccharides, has been the objeot of extensive 

investigations, and as yet no completely satisfactory solution 

of this problem has been achieved. Three general methode 

have been used, but several of these techniques, described 

in recent years, are extremely complicated and require large 

amounts of the methylated polysaccharide. As mentioned above, 

Sohlubaoh and co-workers (11~) in their investigation on 

graminin benzoylated théir trimethyl fructose in order to 

separatB it from the corresponding tetramethyl oompounë, but, 

due to the unsatisfactory yields, ~ere unable to establish 

the definite ratio of the sugars. So far no procedure has 

been reported ~hich ~ermits an effective quantitative 

separation oi mixtures of tGtra-, tri-, and dimethyl methyl 

glucosides. The use of fractional distillation, involving 

a vacuum-jacKeted Widmer flask, or a flask fitted with a 

vacuum-jacketed fraotionating column, has been employed by 

Ha~orth and oo-wor·kers (169, 1~4, 186}, the oourse of the 

fractionation being determined by frequent interruptions of 

the distillation in order to test the refractive index and 

rotation of the distillates. In several instances (169, 194) 
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the mixture of glucosides has first been separated into two 

major fractions and each of these subjected to a second 

fractionation. This procedure usually result~d in a 

relatively high ~ro~ortion of non-volatile residue. It has 

been the praotioe of Ha~orth and co-workers (169) to allooate 

this non-volatile residue &long the various glycosidia 

products in the ratio of their equival6nt weights, oorrespond­

ing to the amounts isolated. This assum~tion can not be 

justified unless it is verified by control experiments, as 

has been done in this investigation with respect to the 

formation of methyl l~vulinate during hydrolysis. It is the 

author's belief that this residue is essentially a decom­

position ·pr·oduct formed as the re sul t of admi tting air to 

the distillation fla.sk during the nwnerous interru·ptiona 

in the fractionation procedure. 

This general fraationation technique of Haworth 

has been a·pplied to the determination of the structure of 

xylan (195, 196, 19?), glycogen (194, 8o, 144, 198), 

araban (179), starch (87), and dextran (66, 62, 145). 

Hess and Neumann (77), finding the fraotional 

distillation technique as desaribed by Ha~orth and Maahemer 

( 169) inappli oa·ble to the study of cellulose structure, 

devis~d a ohemioal separation for the detection of small 

amounts of tetramethyl methyl glucoside in the ~resence of a 
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large proportion of trimethyl m~thyl glucoside. Their method, 

whioh involved phosphorylation OÏ the trimethyl methyl 

glucoside, and separation of the resulting ester as its barium 

salt, has been crltioized by Leokzyck (199) and by Hirst and 

Young (186), ~ho sho~ed by control experiments that only 

bO~ of the tetramethyl methyl glucoside ~as recoverable by 

this ohemioal separation. Furthermore it ~as demonstrated 

(185, 186) that the tetramethyl methyl glucoside, isolated 

in this ~ay, was contaminated with trimethyl methyl glucoside. 

In a third type of fraotionation, due to Macdonald 

(58) the separation of tri-, from tetramethyl methyl 

glucoside was effected by chloroform extraction of the more 

soluble tetramethyl methyl glucoside from an aque~as solution 

of the mixture. Maodonald states that a mixture of di-, 

tri- and tetramethyl m6thyl glucosides can be separated into 

its components eaoh having a purity of 97.4% with a total 

loss of 2.5%. Ho~ever, this procedure has not found 

general application in structural carbohydrate ohemistry, 

and Carrington, Haworth and Hirst (200) have pointed out 

that some trimethyl methyl glucoside must dissolve in the 

ohloroform. They have sho~n by control experiments that 

no sharp separation between di-, and trimethyl gluaoses 

oan be effected through a water-ohloroform partition, 

sinoe dimethyl methyl glucoside is also extraotable by 

ohloroform. 
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In sorne cases (1:34, 49, 56) a. combinat ion of this 

method followed by fraotional distillation, aocording to 

Ha~orth and Machemer (16~), of the resulting fractions 

has been used. 

Sinoe one of the main objeots of this investigation 

was to employ only strictly quantitative procedures wherever 

possible (page 57) none of the above methods was oonsidered 

satisfactory for the fractionation of the glucosidic mixture 

obtained from methylated Dextran I and a new procedure was 

developed. This involves the use of a highly efficient 

fraotionation oolumn, its construction being based on the 

fractionation prinoiples and technique desoribed by 

Fodbielniak (201). 

Several samples of synthetio 2,o,4.6-tetrarnethyl 

methyl glucoside and of 2,3,4-trimethyl methyl glucoside ~ere 

distilled through the column and the recovery of distillate 
_, 

vvas in each case a.pproximately 92/ô. The sam·ples var ied in 

aize from 0.85 to 2.41 grams. During the fractionation of 

mixtures consisting of the above glucosides ~ith 2.3-dimethyl~ 

o(~methyl glucoside, the small amount (less than 0.1 gram) 

of material held up in the column oould also be forced over, 

permitting an over-all reoovery of approximately 95%, even 

when the total weight of glucosides ~as only three to four 

grama. 

Several fraotionations were carried out with 
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mixtures of the three glucosides, and in all cases, the bulk 

of these produots ~as recovered in the three oorresponding 

main fractions, ~hioh were analytically pure; intermediate 

fraotiOllS ~ere small. In the oase of 2,3,4-trimethyl methyl 

glucoside, whether alone or in mixtures of glucosides, an 

aotual separation was effeoted of the solid ~- from the 

liquid ql-isomer. 

of the glucosides. 

There was little if any decomposition 

The non-volatile residue ~as lesa than 

one percent, and in many cases could not be detected. 

The resulta of one of these fraotionations is 

summarized in Table II (page 76). Fractions 3, 4 and 5 all 

came over under identioal conditions and actually oonstitute 

on~ fraction, namely, 2,3,4-trimethyl methyl glucoside. In 

other experimenta they ~ere aotually oolleoted as one 

iraoti on. During this partioular fractionation, however, 

the cuts ~ere made as indioated, sinoe it was desired to 

keep a olose oheok on the composition of the distillate 

at all times. 

The theoretical methoxyl values for tetra-, tri-

and dimethyl methyl ~lucosides are 62.0, 52.6 and 41.9%, 

J:espectivel~t. Tl1e an1ol1nts of eé~<Jh :present in the sn!s_l: 

intf~-;r!r:_ediate fractiorls 2 and 6 (~~&ble II) were cs.lculated 

on this Lasis. 
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Table II 

Fraotionation of Synthetio Mixture of Glucosides 

Fraction Weight OCH3 Tetra Tri Di 
No. Grams % 

1 0.746 60.5 0.746 

2 0.151 59.6 0.113 0.038 

3 0.387 52.5 0.387 

4 0.666 52.3 0.665 

5 0.257 52.4 0.257 

6 o.~o_o 50.8 0.249 0.051 

7 0.451 42.1 0.451 

Total 2.957 0.859 1.596 0.502 

Original Mixture (Wt. = 3.048 grams) 

Weight of 2,~,4,6~Tetramethyl methyl glucoside 0.872 gr. 

lfleight of 2,3,4-Trimethyl methyl glucoside 1.660 gr. 

Weight of 2,3-Dimethyl methyl glucoside 0.516 gr. 

Total 3.048 gr. 
Total recovery 97 .05h. 

The gluoosidia mixture obtained from the hydrolysis 

of oompletely methylated Dextran I ~as fractionally distilled 

(97% reoovery) using tt.Le apparatus and technique desoribed in 

the experimental section (page 1~0) whereby 2,3,4,6-

tet:ramethyl me thyl glucoside , 2, ~ ,4-tr imethyl me thyl glue oside 
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and 2,3-dimethyl methyl glucoside ~ere obtained in the 

exaot ratio of 1:3:1. 

results. 

Fraction 
No. 

1 

2 

3 

4 

5 

6 

Total 

Table III gives a summary of these fractionation 

Table III 

Fractionation of the Hydrolysis Products 
of Methylated Dextran I 

Weight % Tetra Tri Di Physioal 
gr. OCH3 State 

1.204 61.0 1.204 Colorless syru~: 

0.207 57.8 0.113 0.094 Colorless syru-p 

0.605 52.8 0.605 White crystals 

2.811 52.4 2.811 White crystals 
(2,~,4 .. ~-
methyl glucoside) 
and oolorless 
syru·p (o. .. is omer ) 

0.~97 46.6 0.172 0.225 Col orle ss syruJ 

1.013 42.0 1.013 Light yellow 
sy:rup 

6.237 1.317 3.682 1.238 

Weight of glucosidio mixture fraotionated 6.430 gr. 

Total weight of reoovered glucosides 6.237 gr. (97fo}. 



- 78 ... 

Caloulation of the Ratio 

Tetra = 

Tri --

Di --

Tetra • 

Tri --

Di --

1 •31 7 x 100 - 0.00527 moles 250 -

3.682 x 100 ~ 0.01560 moles 
236 

1.238 x 100 s 0.00558 moles 
222 

Taking Tri as Standard and equal to D.OO 

0.00527 x 3 = 1.01 
0.01560 

0.01560 x 3 -
o.o156o -

0.00558 
-~~ .. "V 3 ::: 0.01560 ..0. 

3.00 

1.07 

The ratio of tetra:tri:di is 1.01:3.00:1.07. 
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IDENTIFICATION OF THE GLUCOSIDES 

Identification of the Tetramethyl and Trimethyl 

Metbyl Glucosides 

The tetramethyl methyl glucoside was cbaracterized 

as the crystalline 2,3,~,6-tetramethyl glucose. The trimethyl 

methyl glucoside was identified through its crystalline isomer 

as 2,3,4-trimethyl~~-methyl glucoside. 

Identification of the Dimetbyl Metbyl Glucoside 

For the final identification of the dimethyl methyl 

glucoside obtained from metbylated Dextran I it was necessary 

to prepa_.re a crysta l.Line derivative, Quanti tati v ely if po sei b}_e J 

since this would prove its bomogeneity. 

Many attempts were m~tde to prepare a crystalline 

mono-trityl derivative with the object of proving the 

presence of a free primary hydroxyl group in the 6-position, 

since Helfericb (202) bas sb·own that trityl chloride re2cts 

preferentially with primary hydroxyl groups. Altbough many 

worker s have ass1.1med. th11t tbi s reagen t i s specifie for the 

presence of a primary a.Lcoholic group, Hudson and co-workers 

(202, 203, 20~) have shawn that this is not tbe case, and 
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that in the absenoe of suoh a group, reaction with seoondary 

hydroxyl groups may ooour. In no oase ~as it possible, in 

this investigation to obtain a orystalline trityl derivative. 

The dimethyl methyl glucoside as obtained from the 

methylated dextran and subsequent fractionation of the 

glucosides, is a mixture of c( and ~ isomers. Consequently 

any derivatives made by reaction ~ith the free hydroxyl groups 

\\ill also be a mixtur·e of a( and ~ isomers, therefore very 

difficult to separate. 

To overoome this diffioulty, an attempt was made 

to prepare a derivative by interaction ~ith the oarbonyl group 

in the free sugar. Anilide formation, meroaptalation 

(benzyl and ethyl mercaptan), and benzoylation of free dimethyl 

glucose yielded syrups in eaoh case which could not be 

crystallized. 

The dimethyl methyl glucoside was finally identified 

as the 2,3-dimethyl derivative by the formation of 2,o-dimethyl 

gluconophenylhydrazide. The procedure follo~ed for the 

formation of the 2,3-dimethyl gluconio acid was that of Hudson 

and Isbell (205, 206). The resulting gluconic aoid was 

obtained in 84% yield as a syru~ and was charaoterized as the 

orystalline phenylhydrazide ~hioh ~as obtained in 81% yield. 

This new compound was identioal ~ith that similarly obtained 

from a sample of authentia 2,3-dimethyl c(-methyl glucoside. 
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The Structure of Dextran I 

The fraotior1ation resul ts shovÇn in Table III 

(page 77) indicate a 1:3:1 ratio for the three components, 

isolated as their 6lucosides from methylat~d Dextran I, namely 

2,3,4,6-tetramethyl glucose, 2,b,4-trimethyl glucose and 

2,3-dimethyl glucose respectively. On the basis of this ratio 

it can be seen tnat, irrespective of the marmer in whioh the 

glucose units are linked to one another, there are four 

po os i ble formations for· the gross structure of Dextran I. 

If ~e represent each hexose unit by 0, the se four 

possibilities may be formulated as follo~s: 

~-----------, 

(A) 0 0 1 0 t 
1 1 1 1 1 

-D-0-D -0 -0-0-0-0,-0-D -0 -D-
1 

_L - - - - - - - - - -

1-------l 

(B) D D 1 0 1 

l t 1 l 1 

D Dt D 1 

1 1 1 1 1 
-D-D-0-0-0-D-rD-D -D-

1 j_ _______ _ 
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o o ~---o-1 
( c) 1 1 1 1 1 

D Dl D 
1 1 1 1 

o o' 01 
-o -2J-o .-d-1 

C> -0 +­
'-- ---1 

(D) aD aD l~o-1 
1 1 1 1 1 

bD bD 1 bD 1 
1 1 1 

bD bD 1 bD 1 

l 1 1 1 

bD bO IbO 1 

1 1 1 1 
-cD-oO-i-cD-r 

L_-J 

The portion of eaoh structure enolosed by dotted 

linas representa the repeating unit. 

In all of the structures shawn above, eaoh singly 

linked terminal unit (a---a) (D) would yield on hydrolysis 

of fully methylated dextran, or1e mole oule of tetramethyl 

methyl glucoside; each doubly linked unit (b---b) (D) one 

moleoule of trimethyl methyl gluooside; and eaoh trebly 
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linked unit (o---o)(D) a moleoule of dimethyl methyl glucoside, 

and in eaoh case, the ratio of the yields of these three 

would be 1:3:1. 

It is evident that a definite choice between the 

four formulae given above oan be made only after considerable 

further investigation of the produots formed by a graded 

hydrolysis of methylated dextran. It would be neoessary to 

determine at which glucose anhydride unit, in a typioal five 

unit chain, the oross-linkage. is formed. This would in volve 

aomplete methylation of the dextran, followed by a selective 

hydrolysis such as might break the glucoside bond of attaoh­

ment of the sida ohains, ~hile leaving the main chains 

themselves intact. This might be aooomplished by ohemioal 

meana, although it is probable that enzyme hydrolysis would 

prove more satisfaotory, especially if the bonds between 

side and main ohains differ in stereoohemical configuration 

from those between the glucopyranose units forming the main 

ohain, sinoe enzymes are kno-wn whioh attaok only al·pha or 

beta glucoside links respeotively, but not both. 

For the purpose of this discussion of the positions 

of linkage bet~een the individual glucose units, structure 

(D) may be seleoted quite arbitrarily. 

Wi th respect to the glucose uni ts ·present at the 

end of eaoh side ohain (a---a) (D), since Dextran I is a 
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non-reduoing polysaccharide, it is obvious that these must 

be linked through their reducing grou·ps as must also each 

of the remaining glucose anhydride units present in (D). 

Furthermore, this mode of linkage of (a) through carbon atom 1, 

is the only one which oan give rise to tetramethyl methyl 

glucoside on methylation and hydrolysis. The isolation of 

the latter- as 2, 3, 4, 6-tetramethyl glucose pr, oves that this 

unit is present in the pyranose form in the original poly~ 

saccharide and that it is linked to the rest of the aide­

chain through carbon atom 1. 

Also it has been shawn (~age 79) that the trimethyl 

glucose units (b---b) (D) are isolated as the 2,3,4-trimethyl 

methyl glucoside. Therefore, in these sida ohain units, 

sinoe the hydroxyl grou-p in the 6 position is the only one not 

methylated, these linkages in the original polysaccharide are 

through carbon atorns 1 (the reduoing group) and 6. Moreover, 

aince the hydroxyl groups in positions 2,3 and 4 are free in 

the original polysaccharide side-chains, the original ring 

structure of this unit must be of the pyranose tYFe• 

The dimethyl methyl glucoside (o---o) (D) is 

obviously formed from the glucose anhydride units through 

which the methylated side-ohains are attaohed to the main 

ohains, and has been shown conolusively (page 80) to be 

2 ,3-dimethyl me thyl glucoside. Assumir1g a pyranose ring 
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structure for unit ( o), formula (D), ther e are two possible 

modes of linkage of this to the main ohain, namely through 

carbon atoms 4 or 6 (see (E) and (F) respectively (page 86). 

Ho~ever, the true nature of the oxygen ring in this unit as 

present in the original dextran cannot be defin~tely proven 

from the present experimental data. The dimethyl methyl 

glucoside isolated on hydrolysis will have the pyranoside 

btructure irrespective of its original presence in either the 

pyranose or iuranose form. The possibility of ring shift 

during hydrolysis from position 4 to position 5 cannat 

therefore be overlooked, and this question must remain 

unsettled until proven by enzymatio or other preferential 

hydrolysis breakdo~n procedures. However, in view of the 

fact that the remaining glucose anhydride units have pyranose 

structures it may be assumed for the present, that this is 

true for all the units present. 

It also follows that polymerization of the main 

ohain must take place either through carbon atoms 4 or 6 

of the units (o) in (D), that of the side chain linkage being 

through 6 or 4 respectively. As to whioh position is 

actually involved in eaoh case nothing definite can as yet 

be stated. These two possibilities may be represented 

structurally as follows: 



0-CH 2 

H 

H 
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This investigation has not inoluded determinations 

of the moleoular ~eight of Dextran r. Dr. R.G. Fordyoe 

(207), in these laboratories, made a determination of the 

visaosi ty of Dextrans I (page 12) and II (page 12) and 

although the aotual moleoular weights oould not be determined 

due to the inability to oaloulate the K constant of the 
m 

Staudinger equation, i t appears from the se I'esul ts that 

Dextran I has a moleoular ~eight of the order of ten times 

that of Dextran II. This observation is borne out by the 

oonsiderably greater solubility, and ease of hydrolysis of 

methylated Dextran II (60, 49). Apparently Dextran I differa 

from Dextran II only in respect to the molecular weight. 

This is not particalarly surprising, sinoe the same poly-

saccharide in dirrerent speoies of plants does not neoessarily 

have the same molecular weight even though the monosaccharide 

units and the general pattern in ~hich they are joined may 

be the san1e. This appears to be the case for example between 

glycogens from different sources (177, 194, 91). Su oh 

differences will probably be found the rule rath8r than the 

exception. 

This fact may be of sorne importance in tl1e 

immunologioal phase of this problem, since many of the pro­

parties of polysaccharides are more directly the result of a 

certain molecular architecture rather than that of a funotion 

of the constituent sugar units. 



- 88 -

The possibility that Dextran I is a simple 

pentasaocharide, having one terminal glucose anhydride unit 

is somewhat unlikely, since its general behaviour is that 

of a higher polysaccharide, so that a simple ring formula, 

suoh as that assigned to graminin (page 33) is highly 

improbable. The faot that end group an~lyses (reducing 

po~er, eto.) of Dextran I show a negative result, just as in 

the oase of cellulose, indioate that the polysaccharide has a 

high molecular 11eight. Estimation of the_ ohain lengtl1 by a 

quantitative determination of the amount of tetramethyl methyl 

glucoside formed on hydrolyzing the fully methylated dextran 

is also inapplicable, since, if there are many sida chains 

present, the tetramethyl m6thyl glucoside isolated would 

only be a measure of the total number of glucose anhydride 

units present in the individual side chains and not of the 

actual number of such side-chains present in the dextran 

molecule. 

If there ~ere a sufiiciently large number of 

repe~ting uni ts of the Ïi ve-membered si de-chain type ·present 

(formula (D)), any variation in the 1:3:1 ratio for the 

tetra-:tri-:dimethyl methyl glucoside arising from the 

presence of the two terminal side-chains (1:4:0), oould 

not be deteoted. Furthermore, the possibility exista 

that these t~o terminal side-chains actually may be united 

through cross-linkages. 
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Dextran I does not sho~ a close relationship in ohemical 

structure to Dextran III (page 12). The presence of a tetrametlyl 

methyl glucoside in the hydrolysis products from the fully 

methylated Dextran III has not been definitoly established 

(61, 62) (pagelS) nor has the con1iguration of the dimethyl 

methyl glucoside (10~ by ~eight) (61) been determined. 

In conclusion it may be stated that Dextran I a~pears 

to have a structure more oomplex than that of any poly­

saccharide hitherto subjeot6d to critioal ohemioal investigation. 

The products obtained on methylation and hydrolysis have been 

identified, and the ratio in ~hich they ocour determined. 

From these data conclusions have been drawn regarding the 

positions of linkage in the ·polysaccharide, and the ~ossibilities 

for its gross structure have been pointed out. 
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SYNTHE SIS OF REF:ERENCE CARBOHYDRATES 

It vças found that although most of the I;eferenoe 

sugars required in these investigations had been preparad 

previously, either the details of the procedure were 

incompletely reported in the literature, or the yields were 

lo~. It ~as the purpose of this phase of the problem to 

develop a technique for the synthesis of suah oompounds 

capable of giving reproduoible yields sufficiently high to 

be ap·plied not only to glucose but to rai' er sugar s. 

The syntheses of 2,3-dimethyl- ~-methyl glucoside, 

2,~-dimetl1yl- ~-methyl glucoside, 2,D,4-trimethyl- ~ ... methyl 

glucoside and 2,3,4,6-tetrarnethyl glucose were undertaken 

for three principal reasons: 

(a) to seive as "oontrols"for oompar·ison "JÇith the 

methylat~d sugars isolated from the hydrolysis of methylated 

dextran, 

(b) to permit develo·pment of a fraotional distil­

lation technique (using these synthetio glucosides) for the 

later separation of the hydrolysis products of methylated 

dextrar1, and 

(c) to carry out control experimenta, such as the 

determination of the stability of the methylated sugars and 

their corresponding methyl glucosides under the conditions 

used for the hydrolysis of methylated Dextran I. 
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In addition, 2,3-dimethyl glucose, 2,~,4-trimethyl 

glucose, 2,~.4-trimbthyl- ~-methyl glucoside, 2,3,4,6-tetra­

methyl- ~-methyl and ~ -methyl glucosides, and 2,D~dimethyl 

gluoonophenylhydrazide ~ere prepared. The last named 

compound was required for comparison with that prepared 

from the dimethyl methyl glucoside obtained from hydrolyzed 

methylated Dextran I. 

Throughout these syntheses, hydrolyses ~ere oarried 

out using dilute sulfurio acid, rather than dilute hydroohloric 

aoid, the conventional hydrolytic agent, sinoe sulfurio acid 

is easily removed as barium sulfate. Also, Ha~orth methyl~ 

atlon (in an atmosphere of nitrogen) was substituted for the 

laborious Purdie technique. 

2,3,4,6-Tetramethyl Glucose 

The preparation of 2,o,4,6~tetramethyl glucose as 

hitherto oarried out (209) is neither a quantitative nor a 

one-step procedure. The Ha~orth methylation of glucose 

(209) results in la~ yields of a partially-methylated glucose. 

One methylation of glucose using the modified procedure 

outlined in the Experimental Section (page 143) yielded a 

mixture of tetramethyl, trimethyl, and dimethyl methyl glucosides, 

as indicated from the refractive indices and methoxyl analyses 
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of various fractions of the mixtur'e isolated by fraotional 

di st il la ti on. 

Similar results were obtained after one Haworth 

methylation of o(-methyl glucoside. 

Two methylations of ~-methyl glucoside as 

described (page 143) gave a 90?o yield of relatively pure 

2,3,4,6-tetramethyl-ol-methyl glucoside. This yield-is oon­

siderably higher than obtained previously (210, 211), so 

that no appreciable degradation of the partially-methylated 

glucoses could have occurred during the Haworth methylation 

in an atmosphere of nitrogen. Of the other methods attempted, 

one (211) involved a modified Haworth methylation followed by 

I~uskat met:hylation. 

Hydrolysis of 2,3,4,6-tetramethylo(-methyl glucoside 

was oarried out, with sulfurio rather than by use of dilute 

hydroohlorio aoid, or use of steam and hydroohlorio aoid (210). 

2,3,4-Trimethyl Methyl Glucosides 

There are two p~inoipal methods described in the 

li terature for the pre·paration of 2, b ,4-tr imethyl me thyl 

glucosides. The first (212) may be summarized in the 

follo~ing manner: 



d(-methyl glucoside 

glucoside 

glucoside CHa OH 
HCl ) 
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trityl ohloride ~ 
pyridine 6-tr i tyl- c( -me thyl 

2,3,4-trimethyl-6-trityl~~-methyl 

2,3,4-trimethyl~<-methyl glucoside. 

The yields obtaineci by this ·procedure are generally 

low, particularly in the first step. 

The second method of preparation (213) involves 

the follo~ing steps: 

Laevogluoosan 

laevogluoosan 

glucose 

) 

di lute) 
HCl 

HCl ) 

-~-methyl glucosides • 

2,3,4-trimethyl 

2,D,4-trimethyl 

2,3,4-trimethyl-G(- and 

..:i modification of the latter -procedure -was used to 

synthesize the 2,3,4-trimethyl methyl glucosides required for 

these investigations. 

It was found that laevoglucosan was too soluble in 

water to permit of ready reorystallization as reported (213), 

so this was oarried out from ethanol solution ~ith satisfaotor~ 

results. 
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The Haworth methylation of laevogluoosan has not 

previously been reported. However, the 1,6-oxygen bridge in 

laevoglucosan ~as found to be quite stable under the 

conditions used (page 145). In preliminary experiments, lo~er 

temperatures ar1d shorter reaction periods were used, but 

these led to low yields of inoompletely-methylated products, 

and therefore normal conditions for Haworth methylation were 

employed (page 145). 

It was found that the simplest method of extraction 

of oarbohydrates of relatively high methoxyl content from 

the Ha~orth methylation reaction mixture ~as to reflux the 

latter with chloroiorm, and separate the ohloroform layer. 

An additional advantage of this method was the fact that 

higher methylated products were found preferentially soluble 

in ohloroform (58), while those of lo~er methoxyl content 

remained in the ~ater layer, which could be concentrated 

and remethylated. 

It was found that part of the ohloroform extraot 

of the methylation solution of laevogluoosan could be 

orystallized, and the remainder remethylated. The orystalline 

fraction, 2,3,4-trimethyl laevogluoosan, did not require 

purification by distillation as carried out by Irvine and 

Oldham ( 21~). 

Sulfuric instead of hydroohloric acid (21~) ~as 
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used in the hydrolysis of trimethyl laevogluoosan and higher 

yields, praotically quantitative, obtained. The conversion of 

2,3,4-trimethyl glucose to the oorresponding mixture of<­

and ~ -methyl glucosides oould also be oarried out on a ned.rly 

quantitative basis. 

Extensive decomposition of 2,3,4-trimethyl glucose 

resulted ~hen this ~as distilled, even in an atmosphere of 

nitrogen, at lovver temperatures and -pressures than used by 

Irvine and Oldham (213). Possibly the best method of 

preparing pure 2,3,4-trimethyl glucose would involve oonversion 

of the crude product to the mixed glucosides, purification of 

the f -gluooside by reorystallization, and hydrolysis to 

2,3,4-trimethyl glucose. 

2,3-Dimethyl Methyl Glucosides 

2, 3-.,Dimethyl-~ ... me thyl glucoside was preparedx 

using a method only slightly modified from that improved and 

developed by previous ~orkers in these laboratories (56, 214), 

and outlined below: 

x 2,~-Dimethyl .... -(-methyl glucoside and 2,3,-dimet:hyl ... ~--methyl 
glucoside were prepared by Dr. T.H. Evans. 
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Gluoose CH30H > -'-methyl glucoside 
HCl ~ 

benzaldehyde :;, 
ZnC1

2
(anhyd.) 

4,6-benzylidene-D\~methyl glucoside 

4, 6-benzylidene- o( -met:hyl glucoside 

~-methyl glucoside. 

An overall yield of a( -methyl glucoside amounting 

to 75/o ~as obtained, that of the benzylidene derivative 

being ao,~. 

Syntheses of 2,3-dimethyl- ~-methyl glucoside were 

oarried out by two methode (A) and (B). 

Glucose 

acetobromogluoose 

panta-aoetyl glucose 
HBr 
HOAo7 

tetra-a.cetyl- f -methyl glucoside 

Ba (OH)2 , a-methyl glucoside benzaldehyde~ 4,6-benzylidene~ 
r \ ZnC1

2 
( anhyd.J 

f -methyl glucoside 
NaOH 

2,3~dimethyl-4,6-benzylidene-

~ --methyl glucoside 2 ,3-dimethyl- ~-me thyl 

gluooaide. 
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The final produot ~as orystalline. Oldham's method 

(215) using dilute hydroohloric acid as the hydrolytic agent 

in the final step did not yield a orystalline compound. 

(B) This ~as an adaptation of that of Oldham (208). 

2 ,3-Dimethyl-~ -metr.1.yl glucoside dilute ) 2,6-dimethyl 
H2so4 

glucose 

HBr 
HOAo) 

bsnzoyl ohloride ) 
pyridine tribenzoyl-2,6-dimethyl gluoose 

dibenzoyl-bromo-2,~-dimethyl glucose 

dibenzoyl-2 ,3-dimethyl ... ~ -methyl gluooside 

2 '3-dimethyl-e -me thyl glucoside. 

The produots isolated in the various stages were 

ohecked against their properties as reoorded in the literature 

while the final produot was subjeoted to oareful purifiaation 

by rapeated reorystallization. 

2,3-Dimethyl Gluconophenylhydrazide 

2,3-Dimethyl gluoonophenylhydrazide was prepared 

from 2,3-dimethyl glucose. The latter ~as oxidized by bromine­

~ater, following the method of Hudson and Isbell (205) to the 
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oorresponding gluoonio ac id in 84/~ yield, and this wi th 

phenylhydrazine gave the desired crystalline end produot 

ir1 80.4/b yield. 
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EX:PERilvŒNT AL 

Methylation of Dextran I 

Haworth Methylation 

Preliminary methylation of Dextran I was oarried 

out employing the Haworth technique (173). The methy1ations 

~ere carried out in a three~litre, three-necked, round bottom 

f1ask, fitted with two dropping funnels, one in either side-

neok, and with a motor driven stirrer and nitrogen inlet in 

the central neck. The flask ~as surrounded with a water 

bath kept at 30°. 

Thirty grams (ash-free and suarose~free basisx) 

of Dextran I (for preparation see (14)) were suspended in 

water (300 oc.) made alkaline ·by the addition of 25 oc. of 

30~ sodium hydroxide solution. The air in the flask ~as 

removed with nitrogen gas, and a slow stream of the latter 

maintained throughout the methylations. The mixture was 

stirred continually at a temperature of 30°. 

During approximately one-half hour, sodium hydroxide 

(60 oc. of a 30/& solution) '11!as added dropwise from one funnel 

X Analyses: ~ ash 1.6;1.6. average 1.6% _ 
% suorose 5.4;b.2 average 5.3% 

Method for suorose determination page 151. 
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and simultaneously dimethyl sulphate (20 oa.) from the other, 

~ith stirring. Ten suoh separate additions were made 

involving simultaneous addition of a total of 500 oc. sodium 

hydxoxide and 200 oc. dimethyl sulphate. In this way an 

alkaline reaction ~as assured throughout the entire methyl­

ation. The reaotion mixture was then stirred thoroughly 

for eighteen hours,at the same temperature, partially 

neutralized with approximately 150 oc. of 50% sulphurio acid, 

and heated by means of the water bath to 100° for thirty 

minutes to decompose sodium methyl sulphate. The water bath 

~as removed and the reaction mixture stirred for one hour 

~hile oooling to room temperature. It was then oompletely 

neutralized (to phenolphthalein) with approximately 50 co. 

of 50% sulphuric aoid, the temperature being kept below 15° 

by means of an ioe-water bath. Finally 30% sodium hydroxide 

(10 co.) ~as added until slight alkalinity to phenolphthalein. 

During the methylation, sodium sulphate was formed 

in large amounts as a by~produot, soma of which preoipitated 

out at this stage. The entire reaction mixture ~as 

dialyzed against warm (35°0.) oiroulating (1200 cc. per 

minute) ta·p-~ater, for nine hours using the ap~aratus and 

method desoribed on page 103. This removed the greater 

part of the sodium sulphate so that on concentration to 

300 co. no separation of the latter oaourred. 
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Âll oonoentrations of methylated dextran solutions 

were oarried out in a slightly alkaline medium (pH about 7) 

at reduced pressure (15-20 mm.), in an atmosphere of nitrogen 

and at a temperature belo~ 60°. 

The oonoentrated dialyzed solution (~00 oo.) ~as 

remethylated twioe by the above procedure (total of three 

Haworth methylati onsJ. In these second and third methyl~ 

ations the greater part of the sodium sulphate settled to 

the bottom of the flask, while most oi the dextran (which 

beoame less ~ater soluble as the methoxyl oontent inorease~) 

remained sus~ended in the liquid and ~as removed by 

oentrifugation at this stage and set aside while the 

remainder of the mixture waa dialyzed. This was merely a 

proteotive measure in case the dialysis membrane should 

break during dialysis. This dextran was re~laoed in the 

flask after the dialyzed solution had been oonoentrated 

to 300 co. 

In a typical series of methylations the methoxyl 

oontent inoreased as follo~s: 

First methylation - not determinedx 

Seoond methylation- 25. 7F 
Third methylation - 40.5%. 

x No methoxyl analysis were carried out after the first 
methylation since it was known beforehand from ~revious 
experimenta that further methylations were neaessary. 

xx 
Meth~xyl analyses ~ere made accoxding to the method of 
Viebooh and Soh~appaoh (216) as modiiied by Peniston and 
Hi bbert (217). 
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In earlier experimenta a fourth Haworth methylation 

~as carried out but this did not inorease the methoxyl value 

appreciably. At this stage the methoxyl content ~as still 

below that of the caloulated value (45.6% OCH3 ) for three 

hydroxyl grou-ps pei· glucose anhydride unit. Methylati ons 

~ere therefore continued by the Muskat method (page llO). 

Haworth Methylations of Dextran I 

Weight of crude Dextran I 

Ash Content 

Suorose Content 

Aotual ~eight of Dextran I 

Weight of orude Dextran I after three 
Haworth Methylations 

Ash Content 

Aotual ~eight of Dextran I after three 
Haworth Methylationa 

OCR Content of ash~freexx produot after 
3 three Haworth Methylationa 

33.0 gm. 

1.6 % 
5.3 % 

30.7 gm. 

37.3 gm. 

%x 9.0 .., 

34.0 gm. 

40.5 % 

x It was not neoessary to further purify the partially 
methylated Dextran I at this stage since the inorganio 
impurities did not interfere ~ith the Muakat methylations. 
The omission of this step contributed greatly to the 
final high yield of fully methylated Dextran I obtained 
(-page 118). 

xxAnalytioal sample ~urified until ash-free before analysis 
(Method page 106). 
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Thus the yield of Haworth methylated Dextran I 

(on an ash-free basis) ~as 34.0 grams and the peroentage 

yield oaloulated on the basis of methyla.ted Dextran I vuith 

a methoxyl oontent of approximately 40.5% (i.e. approximately 

2.6 OCH3 groups per glucose anhydride unit) ~as approximately 

90jo. 

Dialysis Technique 

The faotora to be considered regarding the dialysis 

of the methylation mixtures were (1) type of membrane; (2) 

time required to remove the sodium sulphate; (3) amount of 

dextran lost by passage through the membrane. 

Dialyzer 

A dialyzer was assembled in the following manner: 

Tte top of a large (diameter 11") vacuum desiocator was 

stoppered -wi th a t~o hole rubber sto-pper, and inverted on a 

tripod. The water inlet ~as a glass tube, extending 

vertioally through the rubber stopper, then bent horizontally 

a few inohes, to give a streaming effeot to the inooming 

tap-~ater (Figure lA. ) • The ou tl et tube was bent, after 

passing through the stopper, to oonform with the shape of 

the desicoator top, and extended thereafter vertioally 

almost to the to~ of the latter. 
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IA. IB. 

-can 

hoo~ 
ellophane 

The sack-shaped dialyzing membrane consisted of 

Dupont #300 Cellophane (a non-coated product) and was made in 

the following manner: A one litre round-bottom flask ~as 

inverted in a tin container as shawn in Diagram IB. A 

vgooden embroidery ring (diameter 6") ~as slipped over the 

flask and half way do~n the container. A sheet of cellophane 

of sui table si ze ( a-pproximately 18 '' square) ~as oar efully 

folded over this, avoiding the formation of sharp edges and 

points, and a second embroidery ring whioh fitted tightly 

over the first one vvas sli·pped over the cellophane. The sack 

thus formed ~as then removed from the "mold" and had .a 

ca-paoi ty of ap-proximately 3000 oo. T.he cellophane bag vvas 

suspended in the dialyzer by means of oopper ~ires attaohed 

to the embroidery hoops. Before use, eaoh bag ~as tested 

for leaks, when suspended in, and oontaining 2000 oo. ~ater. 

Both hot and oold water-taps were oonneoted with the inlet 

tube of the dialyzer, and ~ide variations in the temperature 



- 105 -

of the circulating tap water were therefore possible. 

Solutions were etirred mechanically during dialysis periods. 

This dialyzer and procedure employed were very 

efficient a.nd lasses of metbyle.ted dextran were sma.l_l, the 

sodium sulnhate being rapidly removed. 

Dialysis Experimente 

(a) Dialysis of Sodium Sulphate Solutions 

The shortest time in which the greater part of the 

sodium sulpha.te could be removed from a solution comparable in 

volume to that dealt with during methylations of Dextran I 

was first determined. Eblutions containing· 450 grams of 

sodium sulphate per litre were dialyzed for 22, 12, 9 and 6 

hours respectively. In each case the volume increased to 

2000-2500 cc. during dialysis, and the solution was then con­

centrated to 300 cc. In none of these experimente, except the 

last, did any eodi um sulpbate crysta .. llize out of solution after 

concen tra.tion. Six hours wa.s therefore below the minimum 

time necessa.ry for a. sui t~tbJ_e dialysis, wbi le nine hours was 

the most suitable length of time. DlJ_ring the latter period, 

approxima.tely 901~ of the sodium sulpha,te wa.s removed. Only 

J+2 gra~ms out of the origina..l 450 gra..ms of sodium sulphr1te re-

ma,ined a.fter di~lysis. 
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(b) Dialysis of SusFensions of Dextran I 

Similar test experimenta with suspensions of 

Dextran I (20 grams in 1000 oc. water) ahowed that during 

a nina hour dialysis period approximately 'J;b of the dextran 

~as lost. For exam~le in a typioal experiment 1~.1 grams 

of dextran sus~ended in 1000 oc. water were dialyzed using 

the above ~rocedure and 17.5 grams reoovered (8.4fo losa). 

During the dialysis of the methylation mixtures of Dextran I 

these lasses were even smaller (approximately 10% overall 

losa for three dialyses. See page 10~. 

Sus-pensions of Haworth methylated dextran were 

tberefore dialyzed for nine hours against tap-water at 35°, 

because this temperature permitted of a more rapid removal 

of sodium sulphate with l6ss loss of methylated dextran, the 

latter being less soluble in hot water than in oold ~ater. 

Purification of Haworth Methylated Dextran 

~ small aliquot (oontaining approxirnately 0.4 grams 

of partially methylated Dextran I) ~as ~ithdrawn for methoxyl 

analyses from the ooncentrated, dialyzcd solution after eaoh 

methylation. This ~as washed four timeb, suooessively, with 

distilled water {25 co. eaoh time) and the dextran separated 

by centrifugation after eaoh washing. The sulphate~free 
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dextran was then washed with aloohol (15 cc.), followed 

by ether (15 oo.) and dried in a vacuum aven at 55° for 

30-40 hours. The dried ~hite powder ~as dissolved in anhydrous 

ohloroform (5 cc.) and petroleum ether (30°-500) added to this 

solution in a fine stream until a turbidity appeared. This 

slight preoipitate was removed by centrifugation and filtration. 

The olear filtrate was then added in a fine stream to twenty 

volumes of petroleum ether (30°-50°), the fluffy-white dextran 

preoifitate removed by centrifugation and dried. The last 

part of the procedure outlined above (precipitation from 

ohloroform into petroleum ether) ~as rtpeated t~ioe (a total 

of three precipitations) until an analytioal sample of partially 

methylated Dextran I free from ash ~as obtained. 

Muskat Methylation of Partially-Methylated 

Dextran I (57) 

Paxtially methylated Dextran I (OCH3 40.5%) ~as 

further methylated by a series of Muskat (57) methylations, 

oonsisting essentially of sodium salt formation of partially 

methylated dextran in liquid ammonia and treatment of this 

with methyl iodide. For a suooessful methylation by this 

method, apparatus, reagents and dextran must be absolutely dry. 
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Method 

Anhydrous anisole ~as prepared by refluxing stook 

anisole over sodium metal for six hours, and then distilling 

over sodium b. pt. 152 .. 3°(unoorr •. ). 

Anhydrous Ammonia 

Ammonia was ~ithdrawn direotly from the pressure tank, 

passed through a small ~ash~bottle oontaining glycerol, to 

serve as a hubble oounter, then through a ~0 cm. drying tower 

oontaining potassium hydroxide flakes and finally through a 

30 cm. tower oontaining sodium ~ire. 

Drying of the Partially Methylated 
Dextran I 

The dialyzed mixture of partially methylated Dextran I 

obtained after the third Ha~orth methylation (page 102) ~as 

evaporated to dryness at 40° under reduoed pressure in an 

atmosphere of nitrogen. The residue ~as digested with hot 

distilled vÇater and the mixture oentrjifuged to separate it 

from any remaining sodium sulphate. This ·procedure was 

repeated four times. The dextran was then washed with aloohol, 

oentrifuged, washed with diethyl ether, oentrifuged and dried 

in the vaouum oven at 55°0. for 48 hours. A po~dery white 

produot of partially methylated Dextran I was obtained. 
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Fowler Modification of Muskat Technique (49) 

The Muskat (57) teohnique first employed ~as that 

used by Fo~ler (49) but although satisfaotory with Dextran II 

(4~ ) (page 12 ) proved unsatisfaatory with Dextran r. A 

small sample (2.5 grams) of oarefully purified, ash-free 

(page 106) partially-methylated Dextran I (40.7% OCH6 ) was 

methylated t~ice by this ~roaedure without any increase in 

methoxyl content. Weight of product after t~o methylations 

1.9 grams, ash nil, 40.9% OCH3 • 

Freudenberg Modification of Muskat Method (184) 

Methylations involving the use of sodium and methyl 

iodide in liquid ammonia, as described by Freudenberg (184) 

was applied to native (unmethylated) Dextran I. Two grams 

( ash 4.17~) were plaoed in a reaotion flask of tb.e type 
"'""' 

de soi ibed by .E'reudenberg (184) and 2 0 oc. of dry ammonia 

condensed on the product. A methylation oonsisted of three 

successive treatments employing in eaoh of them one gram of 

sodium and 4 cc. OI methyl iodide. Two suah complete 

methylations were oarried out. The methoxyl content was 

raised to 6.0% OCH3 on the first methylation and to 9.3% on 

the second methylation, ~hile a~proximately 50% of the 

material (0.9 g.rama) ~as lost during these procedures mainly 

during the purification prooesses. Because of these lasses 
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this method was abandoned. 

Ne• Modification of Muskat Method 

Further methylationa of partially-methylated Dextran I 

(OCH3 40.5%) wexe oarried out in an improved type of apparatus 

(Figure II). The design ~as a modification of that used by 

Fo~ler (49) and by Freudenberg (184) for the Muskat methylation 

of Dextran II and cellulose respectively. 

Apparatus 

The apparatua (Figure II) was oonstruoted throughout 

~ith standard ground glass joints. The reaction flask (F) 

~as a Pyrex oylinder of ap~roximately 500 ac. capaaity 

fitted ~ith a small side-tube (t). A t~o-necked adapter (A) 

whiah fitted into the flask, oarried a condenser (C) fitted 

in one neck, and a coupling (H) for a mercury seal stirrer 

in the other. 

Procedure 

Vaouum-oven dried Ha~orth methylated dextran was 

plaaed in the reaction flask and stirred with dry anisole 

(10 oc. of anisole per gram of methylated dextran) for six 

hours in an atmosphere of nitrogen. à thin gel eventually 

resulted, the solubility of the methylated dextran inoreasing 

~ith methoxyl content. 
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Diagram II1~. 
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To assure anhydroua conditions, approximately 10% 

of the anisole ~as distilled from the reaction mixtuze at 

reduoed pressure in a nitrogen atmosphere (60o bath temperature). 

For this purpose a ground-glass conneoted distilling head 

(Figure IIA) ~as inserted in the neck of the reaction flask. 

This eliminated the neoessity of transfering the dextran in 

any operation thus avoiding subsequent meohanioal lasses. 

The anisole suspension of partially-methylated dextran 

~as frozen by oooling to -70°0. using a dry ice bath of 

chloroform and carbon tetrachloride. To ensure anhydrous 

conditions, approximately 0.5-0.9 grams of freshly out sodium 

metal was added in small pieoes through the neck (C) into 

whioh the condenser was fitted, the condenser being raised 

momentarily for this pufpose. Dry ammonia gas was then 

introduaed through the side arm (t) and condensed on the 

frozen anisole suspension (200 to 300 oc. liquid ammonia~. 

Two to three times the theoretiaal amount of freshly eut 

sodium was added in small pieaes through 0 as above. 

Theoratioal amount of sodium required --
Weight of dextran x (45.6 - OCR~ content of dextran) X 2~ 

31 x lOO 

where 45.6 is the theoretioal maximum methoxyl content of 

trimethyl dextran, 23 the atomio vveight of sodium and 31 the 

radioal ~eight of methoxyl. 
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After sufficient ammonia had been condensed on the 

frozen anisole and solQtion of the alkali metal was complete, 

the DeV\a.r flask suirounding the methylation flask ~as 

gradually lowered dur ing 1/2 ta 3/4 of an hour, and chlor-oform­

oarbon tetraohloride (equal portions) at room temperature, 

~as added to the cooling bath, until the temperature ~as 

raised to approximately -~5°0. This temperature lies between 

the melting point of anisole and that of the boiling point of 

ammonia. When the anisole had melted, the De~ar flask was 

removed and stirring started to aid in the formation of the 

sodium derivative of the partially methylated dextran. 

(The gradual lo~ering of the Dewar flask was necessary sinoe 

a methylation flask after use for about ten methylations 

~ould oocasionally crack due to the marked temperature ohange 

when the Dewar Ilask was lowered suddenly.) 

The blue-oolor of the sodium-ammonia oomplex formed 

~hen stirring was started generally ohanged to a dark brown 

oolor. In soma oases the blue oolor disappeared almost as 

soon as stirring commenoed and additional sodium (0.2 to 

0.5 grams) was then added. 

The tem~erature of the reaction mixture •as allowed 

to riae to 18~20° during whioh the ammonia evaporated 

spontaneously. The last traces ~ere removed by evaporation 

at reduaed pressure (20 mm) followed by distillationJalso 
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at reduoed pressur~ of a few co. (10~15 ca.) of anisole in an 

atmosphere of nitrogen, the bath temperature being maintained 

below 60°. Methyl iodide was no~ added (two equivalents per 

one equivalent of sodium) and the mixture refluxed at 60° for 

fifteen hours ~ith stirring. 

Sufficient dry anisole ~as then added to the reaction 

product, and a portion removed under reduoed pressure in order 

to free the product from any residual methyl iodide and traoes 

of moisture. Subsequent methylations were then oarried out 

in the same manner. 

The details of a typical series of Muskat methylations 

using a partially-methylated Dextran I (page 102) are given 

below: 

Methylated Dextran I, vaouum-oven dried, (40.5% OCH3 ) 

~eight on ash~free basis b4.0 grams, (Table IV page ll~)was 

plaoed in the apparatus sho~n in Figure IIh~ith approximately 

300 ao. dry anisole. The Muskat methylations were carried out 

as described above, using liquid ammonia approximately 200 co.; 

sodium o.5 grams; and methyl iodide 30 co. for the first 

methylation. 

The quantities of reagents used in the second 

Muskat methylation were ammonia, approximately 200 co., sodium 

2.5 grams, and methyl iodide 20 cc. and in the third ammonia 

200 cc., sodium 2.5 grams, and methyl iodide 20 cc. 
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The methoxyl content of the ~artially-methylated 

Dextran I inoreased as follows: 

After first methylation 41.5% OCH3 

After second methylation 43.3% OCH3 

After third methylation 44.0% OCH3 

(see also pages 101 and 117). 

Weight of partially~methylated Dextran I after 

third Muskat methylation 29.7 grams. 

It was found unnecessary to remove the inorganio 

salts from the partially-methylated dextran after each methyl~ 

ation so that three successive methylations could be oarried 

out prior to purification. .At this stage the large amount of 

inorganio material intei·fered with efficient stirring and 

~as therefore removed. 

Isolation and Purification of Muskat 
Methylated Dextran I 

Most of the anisole in the reaction mixture ~as 

removed by evaporation under reduced pressure (15 mm.) at a 

bath temperature below 60° and in an atmosphere of nitrogen. 

Water was now added, the resulting maas thoroughly stirred 

and vacuum evaporation oontinued, with further additions of 

~ater, until only traces of anisole remained in the reaction 

product. The residual methylated dextran was thoroughly 

stirred with boiling ~ater (lOO co.) and separated by 
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oentrifuging the hot solutio11. The residual methylated 

dextran was further purified by treatment ~ith three additional 

aliquots of boiling ~ater using lOO co., 50o~ and 50 oc. 

respeotively, then dried in a vacuum desiocator over calcium 

ohloride. (The fii~st ~ash liquor V\las orange in color, the 

color of the remainder decreasing in intensity.) 

The well dried (55°/20 mm. page 108) Muskat methyl­

ated Dext.ran I di ssol ved readily in cold ohloroform (10 cc. 

ohloroform par gram of methylated dextran) and any appreciable 
Wf. S 

residue, e.g. sodium iodide,/·removed by centrifuging the 

chloroform solution follo~ed by filtration. One to two 

volumes of 300-500 petroleum ether was added until an 

appreciable turbidi ty was ap·parent. This initial slight 

preci·pi tate contained mu ch of the residual ash, su oh as 

quaternary ammonium oompo1Ulds and was separated by oentr ifug­

ation and filtration. The olear filtrate was ~reoipitated 

into 300~500 petroleum ether (total volume t~enty times that 

of ohloroform used), and the resulting preoipitate washed 

twioe with fresh 30°~60° petroleum ether. The insoluble 

methylated dextran was separated by centrifuging at low 

speed for five minutes and dried in a vacuum-oven (55° and 

20 mm.) for DO hours. 
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Fully Methylated Dextran I 

The produat from the above series of Ivlus.k.at methyl­

ations (29.7 grams, 44.0fo OCH~) ~as then further methylated 

three "Çimes using irl each oase approximately 1.5 grams of 

sodium anà 15 co. methyl iodide, and the produot purified 

as above. Yield 27.6 grams. 

The methoxyl content of the ·partially-methylated 

Dextran I inoreased as follo~s: 

After fourth Muskat methylation 

After fifth Muskat methylation 

After sixth Muskat methylation 

( see also page 119). 

Analyses of Fully Methylated Dextran I used 
for Hydrolysis 

Carbon and Hydrogen 

Ash content nil. 

44. 9/o OCH
3 

45.3% OCH
3 

45.6% OCH3 

I Weight taken 0.02588 gr; wt. of 002 0.04982 gr; 

wt. of H20 0.01845 gr. C = 52.5~; H ~ 7.92fo. 

II Weight taken 0.01542 gr; wt. of co2 0.02979 gr; 

wt. of H
2

0 0.01120 gr. C • 52.7%; H = 6.07~. 
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Methoxyl 

I Weight taken 0.01221 gr; requir~d 21.46 co. of 0.0502N 

sodium thiosulphate solution; OCH = 45.6%. 
3 

II Weight taken 0.00828 gr; required 14.5~ co. of 0.0502N 

sodium thiosulphate solution; OCH3 = 45.6fo. 

Yields of Methylated Dextran I 

The total yield of f~lly-methylated Dextran I, based 

on 34.0 grams of Haworth methylated dextran (40.5% OCH3 ) waa 

-79.:.;% and base ci on the star ting mate rial {30. 7 grams native 

Dextran I) was 71.4~. Table IV (page 11~) gives a summary of 

the complete series of Haworth and Muskat methylations. 

Viscosity Measurements of Fully 
Methylated Dextran rx 

Visoosity determinations of various Îractions of 

fully-methylated Dextran I (in one percent ohloroform solution) 

were oarried out at 25° using an Ostwald visoometer (218). 

The fraotiona ~ere obtained by suaoessive additions of 

petroleum ether (~oo-60°) to a 10~-~ solution of 21 grams of 

methylated Dextran I in ohlorororm until a preaipitate 

appeared, oentr ifuging off the preaipi tate and re·peating the 

procedure. Fraction I (3.00 grams) was preaipitated after 

the addition of five volumes of petroleum-ether, fraction II 

x Kindly determined by Dr. ~.L. Lovell. 



Analytical sample 
11Jt. 0.5 gm. 
40.5% OCH

3 

Table IV 

Methylation of Dextran I 

Crude weight 
Ash 
Suc rose 
Weight of Dextran 
(Ash and Sucrose free) 

33.0 ~m. 
1.6 ro 

A 

5·3 o;o 

j0e7 gm. 

Three Haworth Methylations 

Partially methylated Dextran I 
(OCH3 = 40.5~) Wt. 34.0 gm. 

Three Muskat Methylations 

An~lytidal sample 
wt. o.4 gm. 

partially me thyla ted 
Dextran I (OCH3 

= 44.0%) 
Wt. 29o7 gm. 44 .. 0'fo OCH3 

Analytical sample 
V/t. 0. 5 gm. 
45.67~ OCH3 

Three Muskat Methylations 

Fully methylated 
Dextran I 
(,OCH~ = 45.6%) 
Wt. ~7 .6 gm. 

Yields: Haworth methylated product 90.1 ·~: Muskat methylated product based on Haworth 

methylated product 79.3i; overall yield 71.4~. 

* - Calculated on the basis of 2.b6 OCH.3 groups per glucose anhydride unit. 

~ 
....... 
\.0 
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(17.0 grams) after ten to t~elve volumes of petrol~um ether 

and fraction III (O. 7 grams) rernained as a suspension after 

the addition of twenty volumes of petroleum ether and was 

reoovered by evaporation of the solvents. These resulta are 

summarized in Table v. 
Table V 

Viscosities of Chloroform Solutions of Fractionated 
Methylated Dextran I 

Wt. of -~~ cono. 1 

Fraction fraction OCH~ mg./oo. ït. 
gr • sp 

1 3.0 46.6 1~.96 

2 17.0 46.54 19.58 

3 0.7 45.2 20.14 

Àttempted Fraotionation of Unmethylated 
Dextran I 

x 100 tt, 
sp/C 

x 10° 

12.45 1230 

12.71 1385 

11.68 834 

Unmethylated Dextran I (0.782 grams) was suspended 

in 200 co. of distilled ~ater and vigorously stirred for 

twel ve hours at room temperature and the re sul tir1g mixture 

oentrifuged. The main portion of the dextran (0.466 grams; 

fraction I) remained undissolved. The oentrifugate (a milky 

oolloidal suspension) was oonoentrated at 50° to 20 co. 

under reduced pressure in an atmosphere of nitrogen 
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and then 40 oc. (two volumes) of ethanol added in a fine 

stream with stirring. A finely divided white preoipitate 

formed ~hich ~as removed by centrifugation as above (0.212 gr: 

fraotion II). On the addition of a further eight volumes of 

ethanol to the milKy centrifuged solution, the turbidity 

inoreased but no iurther preaipitate occurred. The mixture 

~as evaporated to dryness ~1dar the same conditions as above 

(0.087 grams; fraction III). 

No solvant could be found in ~hich a olear solution 

of the above fractions could be obtained so that viscosity 

determinations were impossible. The above three fractions 

oannot be regarded as oonforming to differences in solubility 

in water but rather to difÏerent degrees of dispersion. 
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Hydrolysis of Metbylated Dextran I 

(a) Attempted Hydrolyeis with Acetic Acid (62) 

A suspension of methylated Dextran I (O.JO grems) 
in a. mixture of freshly distil1ed glacial acetic acid (5 cc.) 
and 4% a.Queous hydrogen chloride (5 cc.) (i.e. 50% acetic acid 
contai ni ng 2% hydrogen ch lori de) was heaJted a.t 100° for 

tbirteen hours under an atomsphere of nitrogen. Only a sma 1_1 

porti0n of the dextra.n went into solution, which gradually 

turned dark brown in color. 

The inso1uble solid rnaterial (0.27 grams) was re-

moved by filtration and the filtra.te was evaporated under 

reduced pressure (20 mm.) leaving· a non-distilla.b1e black 

re si due. The long exposure of methylated Dextran I to the 
above conditions produceù decomposition rather than hydrolysis 

of the maJterial. 

(b) Hydrolysis with Methanolic-Hydro~en Chloride 

Fully-methyle_.ted Dextra .. n I (7 .100 grams) was hydro­

lyzed in three separate portions of 3.060 grams, 1.521 

grams and 2.520 grams respectively. 

In a typical hydrolysis of methylated dextran, 3.060 
grams were suspended in e.nhydrous methanol ( 60 cc.) contain­

ing 2tfo hydrogen ch Lori de, sealed in a. glass bomb tube { ap­

proximately 60 cm. long and ~ cm. in di~meter) and heated at 
1~0-142° in a tiltinq, electric oven for sixty to sixty-five 
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hours. At the end of this treatment the dextran had diasolved 

oompletely and the solution changed from a pale yellow to a 

olear reddish-brown color. The bomb ~as oooled slo~ly to 0°, 

o~ened, and the excess hydrogen ohloride gas allowed to 

escape ~hile the solution attained room temp~rature (one to 

t~o hours). The open end of the bomb ~as fitted during this 

period ~ith a Kjeldahl trap to avoid loss in oase of a too 

vigorous effervescence. 

The solution was tr·ansferred to a centrifuge eup and 

neutralized to litmus ~ith silver oarbonate (the theoretioal 

amount ~as not required since most of the hydrogen chloride 

had esoaped prior to neutralization), The insoluble silver 

salta, removed by centrifugation and filtration were ~ashed 

with three lb cc. portions of anhydrous methanol, the 

~ashings being added to the original filtrate. At this 

stage the methanolic solutions from the three separate 

hydrolyses were oombined and the solvent removed at 40°/20 mm. 

The residual syru-p ~as taken up in anhydrous ether, filtered 

to remove a small trace of insoluble inorganic material, 

and taken to constant ~eight under reduced pressure (20 mm) 

(A) • 

Duiing the fraationation of a hydrolysis mixture 

obtained from Dextran I in a previous experiment the first 

fraction ~as found to be largely methyl levulinate as shawn 
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by its methoxy1 content (26.8~ OCH3 ) and refraotive index 

(1.4D0 at 24°). The theoretioal methoxyl content of methyl 

levulinate is 25.8(fo and the refractive index at 15° is 1.424. 

A quantitative determination of the amount of methyl 

levulinate present in the above mixture therefore ~as 

oarried out at this stage. 

Quantitative Determination of Methyl 
Levulinate in the Hydrolysis Mixture 

The above syrup (A) was dissolved in exactly 

142 cc. of water so that a 10 cc. aliquot contained the 

glucosides originating from 0.50 grams of methylated 

Dextran I. To 10 oo. oÏ this solution ~as added 50 co. of 

2,4-dinitrophenylhydrazine (oontaining 0.2 grams of reagent), 

the mixture shaken and allowed to stand t\\·enty minutes at 

room temperature. The yellow precipitate was removed by 

filtration, dried under suction and finally in a vacuum 

desiccator. Yield 0.0~.0 grams of 2 ,4-dini trophenylhydrazone 

of metr.1.yl levulinate representing approximately 4.2~ 

decomposition of the methyla.ted Dextran I to methyl levulinate. 

The product, recrystallized from ethano~melted at 137-139° 

(uncorr.) (literature value 141-2°) (see page 125} (219) 

and a mixed melting point ~ith an authentio sample of 

x Calculated on the assumption that eaoh molecule of methyl 
1evulir1ate is der'ived from one molecule of methylated sugar, 
and taking C6Hg00 (0CH~)D as the average formula for the 
mixture of tetra-, tri-, and dimethyl glucose. 
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2,4-dinitrophenylhydrazone of methyl levulinate sho~ed 

no depression. 

To the filtrato an additional 50 cc. of 2,4-

dini trophenylhydrazine ~er'e added and t:r.~.e solution allo\\ed 

to stand at room temperature for two and one-half hours; 

no further preoi~itate iormed. 

In a series ot control experimenta it ~as found 

that methyl levulinate readily formed a 2,4-dinitrophenyl~ 

hydrazone in quantitative yield (98·;0) ~hether alone or in 

mixtures of t6tra-, tri-, and dimethyl methyl glucosides. 

After re~eated reorystallizations from ethanol the derivative 

had a constant melting polnt of 137-lo90 although the pure 

derivative is reported (219), perhaps erroneously, to melt 

at 141-142°. 

While the aoove procedure permitted a quantitative 

separation of the rnethyl levulinate, it ~as inapplicable 

for its removal from the gluoosidic mixture prior to 

fractionation since the axcess 2,4-dinitrophenylhydrazine 

~ould oontaminate the glucosides. The method of Bell and 

synge (206) was thereiore employed aiter a test run using 

the following synthetio mixture had been found satisfaotory. 
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~uantitative Removal of Methyl Levulinate 
from ~luaosidio Mixtures 

(a) Removal of Methyl Levulinate 
from Synthetio Mixtures 

A mixture of 2 ,3-dimethyl-o( -methyl glucoside 

(2.23 grams) and 2,3,4,6-tetramethyl methyl glucoside (1.83 

grams) ~as dissolved in ~ater (20 co.) and methyl levulinate 

(1. 00 grams) added t o the solution. Aqueo·u.s barium hydroxide 

(10 oo. saturated at 92-93° containing a-pproximately 9 grama 

of barium hydroxide) ~as added and the mixture ke-pt at 63° 

for t~o hours. The mixture ~as then evaporated at 60-70°/ 

20 mm. and the resulting residue hand extracted with the 

following suooessive ~ortions of ohloroform: DO, 20, 10, 

10 cc. 

The combined ohloroform solutions ~are filtered, 

evaporated to dryness, and t~e syru~ d1sti1led at 110-180° 

under high vaouum (0.005 mm.). Weight of distilled 

glucosides, 3.88 grams (95.7% of starting glucosidic mixture). 

2,4-Dinitrophenylhydrazine (25 ao. aontaining 0.1 

grams of reagent) was added to severa1 drops of the distillate 

and the solution allowed to stand several hours. No 

-pre ai pi tate v.as obtained, indioatirlg complete absence of 

methyl levulinate. 
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(b) Removal of Methyl Levulinate from the 
Fully .... Methylated Dextran Hy<irolysis Iviixture 

The r·emainder of the aqueous solution (lD2 oc.) (page 

124) oontaining the hydr' olysis products or' igina ting from 6. 60 

gr'ams of methylated Dextran I ~as treated vçith aqueous barium 

hydroxide (20 oc.) as outlined in the preceding section. 

Weight of the distilled glucosides (olear pale yellow syrup) 

7.24 grams (95~~~ yield). iillalysis: ~H'ound ocn
3 

: 52.3~h;oaloula.ted 

for C6H802 (0CH3 )4 , OCH3 : 52.6%. 

Stability of Metl1ylated Sugars and Glucosides 
under the Conditions Employed for Hydrolysis 

of Methylated Dextran I 

(a) Stability of the Methylated Sugars 

2,D-Dimethyl glucose (0.442 grsms, 30.D% OCH3 ; 

theor·etioal 29.8j0 OCH3 ); 2,3,4-tritnethyl glucose (0.837 grams, 

41.6%0CH3 ; theoretioal 41.9)~0CH3 ) and 2,3,4,6-tetramethyl 

glucose (1.112 grams, 52.4% OCH3 , theoretioal 52.6% OCH3 ) 

were eaoh oonverted to their respective glucosides under 

conditions similar to those used for the methanolysis of 

methylated Dextran I. 

11ethod 

The methylated sugar was dissolved in anhydrous 

methanol (25 co.) oonta.ining 2)b hydrogen chloride and heated 
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in a glass bomb tube in a tilting electrio oven at 140-143° 

for fourty-eight hours. The oooled solution was thtn ~orked 

up as desoribed on page 12~. The resulting non-reduoing 

(to Fehling's solution), almost oolorless syrup ~as dissolved 

in water (20 oo.) and treated with 2,4-dinitrophenylhydrazine 

solution (lOO oc. oontaining approximately 0.8 grams of 

reagent) as described on pagel24. The resulting preoipitate, 

which formed at onoe, ~as filtered on a tared sintered glass 

oruoible, dried in a vacuum desicoator for six hours and 

weighed. Mixed melting points of the reorystallized produot 

(from ethanol) ~ith authentio 2,4-dinitrophenylphenylhydrazone 

of methyl levulinate sho~ed no depression. The amounts of 

methyl levulinate formed are shawn in Table VI (page 129). 

(b) Stability of the Methylated Glucosides 

~mixture (1.386 grams) oontaining 2,~,4,6~tetra­

methyl methyl glucoside (0.372 grams), 2,3,4-trimethyl methyl 

glucoside (0.614 grams) and 2,3-dimethyl methyl glucoside 

(0.400 grams) ~as similarly treated (method page 122-124) 

with methanolio hydrogen ohloride followed by 2,4-dinitro­

phenylhydrazine. No preoipitate formed indicating the 

absence of methyl levulinate. 



Weight 
of 

Sugar Sugar 
gr. 

2,3,4-,6- 1.112 
tet ra-
methyl 
glucose 

2,3,4- 0.837 
tri-
me thyl 
glucose 

2,)-di- 0.442 
methyl 
glucose 

Table VI 

Decomposition of Methylated Sugars to Methyl 
Levu lina te 

Wt. of 2,4- Corresponding Wt. of sugar• Decomposition 
dinitro- weight of corresponding of sugar ta 
phenyl- methyl to wt. of me thyl 
hydra zone levulir.la te me thyl levu~ine.te 

obtained mg. levulinate % 
mg. obtained 

mg. 

27.2 11.4 20.7 l.B 

19.2 8.0 13.7 1.6 

10.3 4.3 6.9 1.5 

• See footnote page 124 

M.P. of 2,~ 
dinitro-
phenyl-
hydra zone 
of methyl 
levu lina te 
obtained 

~ 
r\) 

\.0 

1 ~8-139 r.;o .,/ ._, t 

137-139° 

137.5-139° 
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having a resistance of 4.69 ohms per foot in a spiral of 

approxima te ly 3/16'' pi teh. The column head, as vvell as the 

delivery tube of the small condenser ('a' to 'b' Figure III 

page l~l) ~as wound similarly in continuous manner, and 

connected, finally, in series, ~ith a variable resistance. 

The entire column vtas shielded from drafts vvi th an 18'1 

length of 40 mm. Fyrex tubing (air-jacket) supported by 

oork wedges. The exposed area o1 the oolumn head was oovered 

with a layer of asbestos. 

The distillate receiver, constructed from a oylinder 

of 60 mm. ~yrex tubing, 180 mm. lor1g, and flanged a.t ea.ch end, 

had its ends closed by means of No. 13 ·rubber stoppera. The 

upper one ~as equipped ~ith three hales, the centre one of 

~hioh oontained a glass bearing (12 mm. tube) to acoommodate 

the end of the glass pivotting rod, ~hile the two off-centre 

holes pzovided for vacuum i.nlet and fraotior1ating oolwnn 

delivery tube respectively. The lower stopper oontained 

one central hole through ~hich a lubrioated (glycerol) glass 

pivot rod passed, and on ~hich was mounted a cork cylinder 

oontaining from eight to nine reoeiving tubes, thus ~ermitting 

collection of a num·ber of fraotions at reduced pressure 

~ithout stoppage of the distillation. The small condenser 

-was equipped for passage of aold \liater or steam depending 

upon the nature of the isolated fraction. 
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Column Efficienoy (220) 

The number of theoretioal plates in the column 11aa 

determined according to the method desaribed by Morton (221) 

using a mixture of pure benzene and carbon tetrachloride, with 

the following resulta. 

Table VII 

Efficienoy of Fractionating Column 

26 0014 Rate of ND (%) Theo~ H.E.T.P 
distillation I·etioal ( om.) 
(drops/min.) Vapor Liquid Va-por Liquid Plates 

Total reflux 1.4710 1.4789 67.5 47.0 7.3 5.76 

0.6 1.4729 1.4791 62.6 46.2 6.1 6.89 

2.0 1.47ol 1.4786 62.2 47.6 5.2 8.10 

2.2 1.4751 1.4816 62.0 41.8 5.8 7.30 

3.5 1.4752 1.4810 57.1 42.5 4.9 8.60 

14 1.4739 1.4739 59.0 59.0 0 -

The analytioal data used in the above Table ~as that 

given by Rosanoff and ~asley (222) and quoted in the Inter­

national Critioal Tables (223). 

It was found that the oolumn was equivalent to 7.3 

theoretical plates, the height of each being 5.76 om. at 

total reflux. àt partial reflux the efficiency fell to six 

plates at a distillation rate of two to three drops per minute. 
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Ât higher rates, for example fourteen drops per minute, 

straight distillation ~ithout fraotionation ~as obtained. 

Fractionation Technique 

The glucoside mixture to be fractionated ~as placed 

in a pear-shaped flask (25 cc. capacity) ~hioh had been 

loosely paoked with glass ~ool to maintain smooth boiling, 

and fitted to the bottom of the fractionating oolumn by means 

of a ground glass joint. The system ~as evaouated to a con­

stant pressure (regulated by a "bleeder" stop cook) and the 

bath temperature slo~ly increased until the maximum height 

of the reflux level was attained (about one-third up the 

aolumn). Heat ~as then applied very gradually to the oolumn 

(but not to the condenser top) while the bath temperature was 

kept constant, until the liquid refluxed to within 1" of the 

top of the column. These conditions were then maintained 

for several hours to establish equilibrium; during this time, 

the gold-plated ~ire beoame oompletely wetted with the liquid. 

When the oolumn tem~erature ~as raised slightly 

(3M40) distillation of tetramethyl methyl glucoside began 

and this ~as colleoted at the rate of 150 to 200 mg. per 

hour. Cold water ~as passed through the condenser during 

this operation. Due to the slo~ rate under ~hioh the 

oolunm was operated at reduced pressure the true boiling 
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points could not be determined, but a thermometer installed 

in tl1e colu.mn head ~ith its bulb opposite the condenser sida 

arm gave the approximate values. The approximate column 

temperatures ~ere read on a thermometer placed within the 

column air-jacket. 

After a certain number of hours (dependent on the 

amount of tetramethyl methyl glucoside in the mixture) of 

constant distillation under these conditions, a dry spot on 

the previously complet~ly ~etted gold-plated spiral wire, 

beoame clearly visible, usually at about one-fifth the distanoe 

from the base. During the next one to two hours the oolumn 

dried completely with the exception of several inches at the 

bottom. The receiver ~as then changed by turning the glass 

rod (R), the vaouum being maintained constant. The first 

fraction was pure tetramethyl methyl glucoside as shown by 

methoxyl analyses. 

The bath temperature was then slowly inoreased, and 

simul tar1eously that of the column, un til the spiral wire 

was again ~etted, and equilibrium conditions maintained for 

four hours. The oolumn temperature ~as then raised a further 

2-30 ~hioh assured the same uniform rate of distillation. 

The first four or five drops of distillate suffioed to 

remove any residual tttetra" and was retained as an inter­

mediate fraction of "tetra" and "tri". The third fraction 
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~as pure trimethyl methyl glucoside. It ~as neaessary at 

this point, to shunt the condenser tip (a-b :B1 igureiii) 

into the heating system, ar1d to pass steam ir1stead of cold 

~at er, through the condenser to ·prevént solidifioati on of the 

~-isomer of 2,D,4-trimethyl methyl glucoside. 

Atter complete distillation oi· the trimethyl methyl 

glucoside, the column again became "dry" only the lowest t~o 
..J 

inches being ~etted ~ith dimethyl methyl glucoside. The 

oolumn 'Aas no'lf allowed to cool to room tem·perature and the 

vacuum released. 

The pear-shaped distilling eup ~as removed and the 
a ame 

oolumn and condenser washed by distilling through,a small 

amount of chloroform. The chloroform distillate and ~ashings 

from the oolumn ~are combined, taken to dryness, this residue 

consti tu ting the fraction inter,mediate between tri-, and 

dimethyl methyl glucosides. 

The dimethyl methyl glucoside could not be removed 

through the column beoause of· i ts 11igh boilir1g point and vwas 

distilled out of the flask through a short "goose neokn 

(Diagram III). This had a glass joint ground to fit the 

distilling flask and ~as ~ound ~ith nichrome ribbon. This 

heating element was inserted in series ~ith the heating unit 

of tne oolumn thus permit ting of t·sm·perature control. The 

temperature of the ''goose neck" vvas kept at 100° during the 
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distillation and the pressure reduced to 0.010 mm. 

Control Distillations of Individual Glucosides 
and Fractionations of Glucosidic J'.[ixtures 

(a) Distillation of Individual Jlucosides 

:Pure sam·ples of 2,3,4,6 .. tetramethyl methyl glucoside 

(3.60 grams) and 2,0,4~trimethyl methyl glucoside (3.15 grams) 

were distilled t~nrough the fractionating column and were found 

to be stable under these conditions. The reoovery of eaoh 

gluooside was approximately 92~. 

Pure 2,v-dimethyl methyl glucosine (1.13 grams) ~as 

heated at lo0-140° for t~enty hours at 0.140-0.160 mm. 

(approximate conditions used during fraotional distillation of 

glu.cosidic mixtures) and then distilled through the "goose 

neck" at 180-240°/.005 mm. The recovered distillate 

represented 95% of the starting material and tbere was neither 

oharring nor decomposition. 

(b) Fractionations of Synthetio Gluoosidio 
Mixtures 

A series of conti'Ol fraotionations of glucosidio 

mixtures of 2,~.4,6-tetramethyl methyl glucoside, 2,~,4-trimethyl 

methyl glucoside and 2,3-dimethyl methyl glucoside ~as carried 

out prior to the iractionation of the gluoosidic mixture 

obtained from the hydrolysis of methylated Dextran I. The 
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experimental technique ~as the same as that outlined on 

page M4 and the results OI a typioal fractionation are given 

in Table II (page 76). 

Fractionation of the Gluoosidio Mixture 
from Hydrolyzed Methylated Dextran I 

The glucosidio mixture (6.4o grams) obtained from 

hydrolyzed fully methylated Dextran I (page 127) was fraction~ 

ated througb the same column (Diagram III)using the technique 

desoribed previously (page 134). 

The system ~as evacuat~d to a pressure of 0.140-

0.150 mm., the bath temperatur-e slo~ly increased to 130-lo3°C 

and the column heated to 50-52° (temperature of air jacket), 

oausing the liquid to reflux to ~ithin one inch of the top 

of the oolumn. These oonditions were maintained for four 

hours to attain equilibrium. The oolumn t~mperature ~as 

then raised to 64-55° oausing the first fraction of pure 

tetramethyl methyl glucoside to distill over at the rate of 

150-200 mg. per hour. Weight 1,204 grams. Found OCH
3 

= 
61.0%. Caloulated for 06H70 (OCH3 ) 5 , OCH0 : 62.0%. 

When distillation oeased and the gold~p1ated 

s~iral ~ire had dried (pages 134-l~ô). the bath temperature 

waa alowly inoreased to 142-145° and that of the oolumn to 

60° (temperature of air jaoket), and total reflux again 

maintained for four hours. On raising the aolumn temperature 
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to 62w63° distillation recommenced at the same rate. 

An intermediate fraction bet~een tetramethyl methyl glucoside 

and trimethyl methyl glucoside was collected (weight 0.207 

grams OCH3 = 57.8%) and the reoeiver then changed to collect 

-pure orystalline 2,3,4-trimethyl .. ~ -methyl glucoside 

(fraotion 3). Weight 0.605 grams, Found OCH3 = 52.8%. 

Caloulated for c6H8o2 (0CH~) 4 , OCH3 a 62.6%. 

Fraction 4 o·otained at the same temperature was a 

mixture of o(- and ~ wtr imethyl methyl glucosides. Vleight 

2.611 grams. Found OCH3 = 52.4%. Caloulated for c6H6o2 (ocn3 )4 , 

OCH3 = 52.6%. 

The column ~as now allo~ed to oool. the distilling 

oup removed, and the column and condenser washed by 
B~L:.e 

distilling through/5 co. of chloroform. The ohloroform 

distillate and ~ashings from the column were oombined, taken 

to dryness, the residue constituting fraction 5, (intermediate 

bet~een trimethyl methyl glucoside and dimethyl methyl 

glucoside). Weight 0.397 grams, OCH3 = 46.5%. 

The dimethyl methyl glucoside was distilled at 

170-240°/0.00o mm., through the "goose neok", vçhich V~Jas 

maintained (eleotrically) at 100-110°. Weight lo013 grams. 

Found ocH3 = 42.0%. Caloulated for c6H903 (0CH3 )3 , 
j 

OCH3 !ôt 41. 9%. 

Tdble III (page77) gives a summary of the resulta 

of this fraotionation. 
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IDIDTTIFICATI01l OF THE GLUCOSIDES 

(a) Identification of the Tetramethyl 
Methyl Glucoside 

A ~ortion (0.70 grams) of fraction 1 (pages lj8, 77) 

~as dissolved in 15 oc. of 5% sulphuric aoid and heated on 

the constant level water bath for eighteen hours after ~hioh 

time the rotation ~as constant. 

The acid solution ~as neutralized to litmus with 

solid barium carbonate, filtered, and the filtrate taken to 

dryness at 55°/20 mm. in an atmosphere of nitrogen. 
1 

The 

rebidue was extraoted ~ith four 25 co. portions of hot 

anhydrous acetone, the oombined acetone solutions were filtered 

and the sol vent evapoz·ated a.t r oom temperature leaving a pale 

yello~ syru~ to which 10 oc. of anhydrous ether ~ere added. 

On standing a precipitate of fine white needles ~as obtained 

as the ether evaporated. Weight 0.50 grams (75% of 

theoretical). The product ~as reorystallized from low­

boiling ( 30°-50°) petr oleum-ether containing 5/b die thyl ether. 

Melting point 90-91°. A m~xed melting point ~ith an authentio 

sample of 2,3,4,ô-tetramethyl glucose sho~ed no de~ression. 
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(b) Identification of the Trimethyl 
Methyl Glucoside 

À portion (0.58 grams) oÏ fraction 3 (pages 1~9, 77) 

~hiah had solidified oompletely in the receiver, during the 

fraotionation, ~as pressed on a porous plate and reorystallized 

from lo~-boiling (D0-50°) petroleum-ether oontaining about 

5% diethyl ether. A mass of fine white needles was obtained 

(0.42 gr. (72% recovery)) melting point 93~94°, which sho~ed 

no mixed melting point depression with an authentio sample of 

2,~,4-trimethyl- ~-methyl glucoside (208, 224, 225). 

(a) Identification of the Dimethyl Methyl 
Glucoside 

Oxidation to Dimethyl Gluconio Acid (205) 

À ·portion (0.60 grams) of the dimethyl methyl glucoside 

(fraction 6, page 139) was hydrolyzed to the corresponding 

dimethyl glucose and this in turn oxidized (205) to the 

corresponding dimethyl gluconio acid following the procedures 

outlined on pages 148-150. Weight of dimethyl glucose .o. 540 

grams (96j~ of theoretical). Found OCH3 = 30.2;b. Caloulated 
. l 

OCH3 :: 2 9. 9jo. 

0.538 Grams of dimethyl glucose yielded 0.487 grams 

of dimethyl gluconic acid (84%). 



- 142 -

Formation of 2,~-Dimethyl Glucono­
phenylhydrazide 

The dimethyl gluconic aoid (0.487 grams) was 

converted to the corres~onding dimethyl gluoonophenylhydrazide 

follo~ing the procedure outlined on page 150. Weight of 

reorystallized ~roduat (from ethanol) 0.556 grams (81.4%). 

Melting point 166.5-167.5°. Mixed melting point with 

2,~-dimethyl gluconophenylhydrazide (page 151) showed no 

depression. Found C = 53.5%, H • ?.1%, N = 9.0%, 

OCH3 = 19.5%. Calculated for C14H2206N2; C • 53.5%, H = 7.0%, 

N = 8.9%, OCH3 = 19.?%. 
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SYNTHESIS OF REFERENC~ CONŒOUNDS 

I. 2,3,4,6-Tetramethyl Glucose 

The methods of Haworth and co-workers (173) were 

modiiied as previously disoussed (page ~1). 

(a) 2,3,4,6-Tetramethyl--c(-Methyl Glucoside 

o(._ .. Me thyl glucosidex (50 grams) ~as vigorously 

stirred in a nitrogen atmosphere with water (60 oc.) at 60°. 

Dimethyl sul~hate (50 oc.) was added in one portion, and 

during the next t~o hours, sodium hydroxide (100 oc. of a 

solutior1 of lOO grams of sodium hydroxide in 175 cc. of \\ater) 

was added drop~ise, the temperature being kept at 50°. 

During a further three hours, sodium hydroxide, (~00 oc. of 

the solution described above) and dimethyl sulphate (160 oc.) 

were gradually addedxx. The solution ~as stirred for sixteen 

hours in an atmosphere of nitrogen (temperature approximately 

600). The reaction mixture ~as cooled to 10-15°, partially 

neutralized with 50% sulphurio acid, heated to 100° for one• 

half hour to destroy sodium methyl sulphate, then left 

slightly alkaline to phenolphthalein. The reaotion mixture 

( supersat·urated YJ i th sodium sulphate) was exhausti vely 

x Ere~ared by T.H. Evans in these laboratories (60). 

XXTeohnique ~age 99. 
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extracted by refluxing ~ith several portions of chloroform. 

The combined ahloroform extraots were evaporated to dryness, 

and remet:hylated as above. The re sul ting syrup VQaS 

fractionally distilled through a Widmer oolumn •• Yield 58 grama 

( '30jb). Boiling point 91--93° jo. 5-0.6 mm. (bath temperature 

120-1.60°). Found ocn3 = 61.3%. Theoretioa.l 62.0';~.[<(]'~2 1.4458. 
D 

(Literature value 1.4460 (20°) (210)). 

(b) 2,3,4,6-Tetramethyl Gluoose 

2,~,4,6-Tetrarnethyl-o(-methyl glucoside (23.2 grams) 

~as hydrolyzed at 100° with 3% sulphurio aoid (200 oo.) until 

oonstru1t rotation ~as reaohed (about t~elve hours). The 

hydrolysis solution ~as neutralized to Congo red with barium 

carbonate, and the filtrate evaporated to dryness at 

40°/20 mm. in an atmosphere of nitrogen. The semi-orystalline 

residue ~as extraoted with dry ether, and the ether solution 
resiJüe 

conoentrated in vaouo. This;was dissolved in a mixture of 

petroleum ether (30-50°, 150 oo.) and 10 oc. diethyl ether, 

oooibd to 0°. The orystalline product (12 gr.) was removed 

and the mother liquor rehydrolyzed, and again subjeoted to 

reorystallisation. Weight obtained 6.5 grams. Total yield 

of crystalline material approximately 18.5 gr. (84,). After 

one additional reorystallization this material melted at 

<;}0-910 (90 ... 930 (210)). OCH3 = 52.4% (Theoretical 52.6)~). 
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II. 2,3,4~Trimethyl Glucose 

(a) 2,3,4-Trimethyl Laevogluoosan 

Laevoglucosan ~as reorystallized from ethanol, 

M.p. 177-8° (unoorr.) (179-180° (226)). Ten grams were dis­

solved in ~ater {10 oc.) and the solution stirred in an 

atmosphere of nitrogen. Dimethyl sulphate (10 oc.) was added 

immediately, and then sodium hydroxide (20 cc. of a solution 

of lOO gr. in 175 oo. ~ater) added drop~ise during t~o hours. 

Dimethyl sul~hate and sodium hydroxide (20 oc. and 40 oo. 

respeotively) ~ere addedx during one and one-half hours. 

The temperature ~as slowly raised to 60° during the next two 

hours, then dimethyl sulphate (10 cc.) was added slo~ly. The 

temperature ~as kept at 60° for four hours, and the reaotion 

mixture stir·red at 50° for a further tvÇelve hours. It was 

then about half neutralized ~ith 50% sulphuric acid, heated 

at 1000 for one-half hour, oooled below 20°, and rendered 

slightly alkaline to phenolphthalein by the addition of 50% 

sulphurio acid. The reaction mixture ~as exhaustively 

extraoted by refluxing ~ith several portions of ohloroform 

(lOO. 75, 76, 50, and 50 cc.) sucoessively. The oombined 

obloroform extracts were dried and evaporated in vacuo. 

Yield about 10 grams. The aqueous methylation liquors 

left aft~r ohloroform extraction ~ere oooled to -150 and 

x Technique page 99. 
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the sodium sulphate removed by filtration, washed and discarded. 

The aqueous solutions were concentrated and remethylated. The 

main amount of methylated laevoglucosan was not oompletely 

crystalline due to inoomplete methylation. After t~o recry­

stallizations from ether it melted at 61-62° (63-640 (213)). 

The material reoovored from the ether mother liquors was added 

to the ooncentrated aqueous methylation solutions, and both 

~ere again methylated using dimethyl sulphate and sodium 

hydroxide as desaribed above. Total yield 10 gr. (ap~roximately 

80% of theoretioal}. 

(b) 2,3,4-Trimethyl Glucose 

Trimethyl laevoglucosan (8.0 gr. ~~·P· 61°) dissolved 

in 3% sulphurio acid (100 co.) was heated on a constant leval 

boiling water bath. The hydrolysis was followed polari­

metrically and after seventeen hours the reaction was a~parently 

complete. The solution was rendered slightly alkaline to 

Congo red by the addition of a thin aqueous paste of barium 

carbonate, the solids removed by centrifugence and filtration, 

and washed t~ice with ~ater. The combined aqueous solutions 

~ere evaporated under reduoed pressure (50°) in an atmoaphere 

of nitrogen. Last traces of water ~ere removed by evaporation, 

after additions of several small volumes of acetone. The 

syrupy residue ~as dissolved in acetone, filtered, evaporated 
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(50°/20 mm, nitrogen atmosphere), and dried to constant vveight. 

Yield 7.9 gra.ms (9lfo of theoretioal) light yellow oil, 

OCH3 , 41.6~. Theoretical 41.9~. 

( o) 2, ~, 4-Tr imethyl- o( and ~ -1/Iethyl 
Glucosides from 2,~.4-Trimethylgluoose 

2,3,4-Trimethyl glucose (9.8 grama), dissolved in 

about 300 oc. anhydi·ous methanol containing 2;1 hydrogen oh lor ide, 

was refluxed for ap~roximately seventeen hours at ~hioh time 

the solution no longer showed a reducing action with Fehling's 

solution. Suffioient silver carbonate (10 grams) was added 

to render the solution slightly alkaline to Congo red, the 

mixture oentrifuged, filtered and the residue washed twioe 

with methanol. The oombined methanolio solutions were 

evaporated (50°/20 mm~ nitrogen atmosphere), the residual 

syrup was dissolved in anhydrous methanol, filtered, and the 

solvent removed (50°/20 mm; nitrogen atmosphere). Yield of 

crude product ~.8 gr. (94%). 

This on distillation (nitrogen atmosphere) yielded 

9.2 grams of a mixture of crystalline (Fraction 1) and syrupy 

(Fraction 2) material. 

The former was 2,~,4-trimethyl r-methyl glucoside, 

and the latter the oorresponding ~~isomer. A portion of 

the ~ -isomer was reorystallized twice from petroleum ether 
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(30-60°) oontaining 6% diethyl ether. M.p. 9o-4o (94o (49)). 

The total distillate had a methoxyl content of 52.lfo 

(The ory 52. 6·;b) 

III 2, 3-Dimethyl--. oZ- and (3 -I·flethyl Glua os ides 

2 ,3-Dimethyl- ~ -methyl glucoside and the oorresponding 

~-isomer were ~repared aooording to the procedures outlined 

by Evans (60) (pages <jfi-97). 

IV 2,3-Dimethyl Gluoonophenylhydrazide 

(a) 2,3wDimethyl Glucose 

2,3-Dimethyl~G(-methyl glucoside (5.4 grams. M.p. 

82-8~0 ) dissolved in 200 oc. normal sul·phurio aoid, vvas heated 

at 100° for eighteen hours. The hydr·olysis was followed 

polari~etrically until constant rotation ~as reaohed. The 

faintly yello~ oolored reaction solution ~as neutralized to 

litmus with a ·paste of barium carbonate and vvater. 

Tbe preoipitate ~as oentrifuged, ~ashed ~ith water, 

and the aupernatent sugar solution removed and filtered. 

Eva~oration of the filtrate (40-50°/20 mm.; nitrogen atmosphere) 

left a residual syrup whioh was extraoted five times ~ith hot 

26 oo • portions ot anhydr ous ohloroform. The combined 
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chloroform solutions ~ere evaporated to constant weight under 

the same conditions as above, leaving a pale yellow syrup. 

Weight 4.4 grams (86% of the or etical). Found, OCH3 tt 30.1;;~. 

Caloulated for c6H10o4 (0CH3 )2 , OCH3 = 29.8%. 

(b) 2,3-Dimethyl Gluconio Acid 

This ~as obtained by use of the exoellent method of 

Hudson and Isbell (205). 2,o-Dimethyl glucose (2.4 grs.) was 

dissolved in 115 cc. of water in a brown glass bottle and 

oooled in an ice-~ater bath to oo. To this was added 8.2 grs. 

of barium benzoate and 0.9 oc. of bromine. The reaction flask 

~as shaken for several minutes at 0° until the bromine had 

dissolved and ~as then allo~ed to stand for fifty-one hours 

at room temperature in absence of light until the mixture no 

longer reduoed ~'ehling' s solution. The exoess bromine \\aS 

removed by passage of a rapid str~am of air through the 

mixture, and the benzoio acid and exoess barium benzoate by 

filtration. Barium in solution ~as then preoipitated 

quantitatively with 5N su1phuric acid, the barium sulphate 

removed and the filtrate neutralized ~itL bilver carbonate 

(about 12 grams), finally ~ith one gram of silver benzoate, 

anü again filtered. The filtrate (approximately oOO co.) was 

oonoentrated to approximately 125 cc. (50°/20 mm.) and 

extracted with three 25 cc. portions of chloroform to remove 

benzoio aoid. 



- 150 -

Silver present e .. s soluble salta wa.s removed witb 

hydrogen sulphide. The clear fi 1 trate was ts.ken to dryness 

at 70°/20 mmo, the pale yellow residual syrup extracted with 

three 2o cc. portions of hot anhydrous dioxane, filtered, and 

again taken ta dryness. The last traces of dioxane were re­

moved by heating the residue to goo;o.Ol mm. for five boure. 

Yield 2.16 gra.ms (g3.6~) of a pale yellow eyrup which did not 

reduce Febling'e solution. Found 27.'+% OCH
3

. Oalcul_a,ted 

for o6H10o
5

(oOH
3

)2 27.7%. 

(o) 2,3-Dimethyl Gluconophenylhydrazide 

2,J-Dimethyl gluconic acid (o.go grams) was dissolved 

in 50 cc. of anhydrous ether by refluxing for threè hours, 

freshly distillea phenylhydra.zine (2.0 grarns) added, a.nct the 

solution refluxed for seven bours. The solid reaction product 

which separated out was removed by filtration, an aadi­

tional 0.2 gr~tms of phenylbydrazine aa.ded to the fi 1 tra,te and 

this refluxed for a further twelve hours. An a .. ddi ttona.l 

amount of solid ma.teria.l sep~.rated out which was removed by 

filtration and a.dded to the first nortion. This la.st filtrate 

wa.s taken to dryness,and on ada.i ti on of e .. few ces. of benzene 

to the re si due g~tve a; further small qua .. nti ty of crysta.le. 

Total crude yield l.OS grams (96% of tbeoretica.l); which, after 

two recrystallizations from boiling ethanol gave 0.90 grame 
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( 80;~ yield) of a pure white produot c onsist ing of fine short 

needles. M. p. 166-167°. Found, c - 53. 3;b; H ... 7 .1;&; - -
N 9.3%; 

.i Calculated for C14H2206N2, c = OCH3 
I:S 19 • 6jo. --

H t:s 7.0%; N • 8. 9;~; OCH3 • 19.7%. 

Sucroae Determination 

The sucrose (present as an im·purity in the crude 

Dextran I) was extraoted wi th hot 80>b ethanol, the ethanol 

53 5'' . ,); 

evaporated, and the resulting aqueous sucrose solution lnvertef 

with dilute hydroohloric aoid, and the reducing sugars deter­

mined using the method of Saales (227). Preliminary experimente 

~ith pure glucose and suorose were oarried out in order to 

aoquire the correct technique. 

To the dextran (0.100 grams), approximately 25 oc. 

aqueous ethanol ( ao,~ ethanol by volume) was added, and the 

mixture heated on a steam bath for t~o hours. A small funnel 

~as inserted in the neck of the flask and alcohol added from 

time to time as evaporation proceeded. The solution was then 

filtered, and the aloohol evaporated on a steam~bath. 

Water ~as added to the residue to give a volume of approximately 

30 oc., 6 ac. of 20.5% hydroohloric aoid then added, and 

inversion allo~ed to prooeed at room temperature for t~enty­

four hours. The solution was then neutralized with anhydrous 

sodium carbonate, and the reduoing sugars determined in the 

usual mannar. 
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SUMMARY 

Dextran I, the bacterial polysaccharide produced from 

sucrose by Leuconostoc mesenteroides, wa.s methyla ted completely 

using improved Haworth and Muskat techniques, to a trimethyl 

dextran, OCH
3 

45.6%. 

Hydroly sis of this t rimethyl dextran wi th methanol-bydrogen 

chloride ga;~re a mixture of 2,3,4,6-tetra, 2,},4-tri-, and 

2,J-dimethyl methyl glucosides in 95% Y-œld. The mixture of 

glucosides wa.s fra.ctionated. by e new technicue using e. modified 

Podbielniak column and a.n excellent sepa.r~."'Gion of the glucosides 

efff:cted in a, yield of 97%. In this manner the ratio of tetr~.t- : 

tri- : dimethyl methyl glucoside as 1:3:1 was established and 

it wa,s shown tbat Dextra.,n I possessed e. comb-like strvcture. 

The nature of the oxygen rin~-s and mode of linka.ges in the rna_.in 

and side chains bave been clarified. 

The Ha.worth methyl.a.tion techni~·ue bas been modified and 

ade .. pted generally to the synthesie of pé1.rtia.lly-rrethylated 

glucose derivatives. 

2,3 ,4-Trimethyl glucose hcts been synthesized by a new method. 

Improvements bave been made in the methods of synthesis of 

2,3,~j6-tetrametbyl methyl glucoside. 

A new crystalline derivative of a,J-dimethyl glucose bas 

been described. 
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