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X-u CTiC*i» .

The elucidation of the problems of carbohydrate

chemistry depends on our knowledge of the simplest

units. From these units, the monosaccharides, we

Can build up & complex molecule to include many of

the familiar polysaccharides. Rapid progress has

been made in the past two decades on the structure of

many of these polysaccharides, Indisputable proof

has been advanced that these complexes are built up

of long chains of monosaccharide residues, united by

glycosidic linkages. The molecules may, by this

theory, exist as true chains with two terminal groups

or the units may be linked together to form a loop.

The chain may be an unbr&nched or a highly branched

structure. In starch, for example, we have two poly-

is saccharides!- amylase, un unbranched chain of c#.-

glucopyranose units linked through the 1, 4 positions,

and amylopectin, a highly branched structure made up

of <*-glucopyranose units linked as in amylose but

with branched side chains joined to the main chain

through the 1, 6 positions. Furthermore, these

macromolecules may be built up of one type of aono-

:saccharide, as in starch, or a number of different

hexoseo, pentoses and 6-deoxy hexoses may be present

in a single polysaccharide. Gum arabie has been

shown by Smith (1) to contain L-arabinose, L-rhamnose,

D-galactose, and D-glucuronic acid residues.
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The main line of attack in the elucidation of

the structure of the polysaccharides has been the

application of the methylation methods evolved by

Purdie and Irvine (2) and by Eaworth (3) and employed

by Hirst in his work on cellulose, starch, glycogen

and inulin (4). Essentially this work involves the

complete methylation said hydrolysis of the polysacc¬

haride, examination and identification of the seiss-

sion products, and isolation of the terminal units of

the chains. If the polysaccharide is made up of

continuous straight chains of hexoses, then a tetra-

smethyl-hexoae is obtained from the non-reducing end

of the chain and the rest of the molecule gives rise

to trimethyl-hexoads. On the other hand, a branched

polysaccharide vail give a tetramethyl-hc-xose from

each non-reducing end group of each branch and from
..

the non-reducing end group of the main chain.

Trimethyl derivatives will arise from unbranehed

portions of the main chain and the branches, while

points. If the polysaccharide is made up of pen to s-

:es or 6-deoxy-hexoses, then tri-, di-, and monoxaet 1

derivatives will be isolated from the above portion,

of Hie molecule respectively. Hy Hie identification

and characterisation of these scission products a

gre-.t deal has been learnt concerning the intimate

structure of the polysaccharides. Unfortunately,

authentic crystalline derivatives of all the possible

dimethyl derivatives will be obtained from the branch
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fully and partially methylated derivatives of the

hexoses, pentoses, ana 6-deoxy-hexoses have not teen

syntheaised and characterised, and it has not always

been possible to decide in the scission products of

theApolysaccharide which hydroxy1 groups are methyl-

sated and which have been involved in union in the

complex molecule.

The present work, which is concerned with the

6-deoxy-sugars, has three main aims in view:

1. The synthesis of new methyl derivatives of

these sugars.

2. Tiie preparation of ethylene oxide ring

compounds from L-rhamnose (6-deoxy-L-mannose) and

from L-fucose (6-deoxy-L-galactose) and the identifi-

scation of the products derived therefrom on alkaline

fission.

3. The preparation of dideoxy derivatives of the

6-deoxy-sugars by reduction of the ethylene oxide

ring compounds with lithium aluminium hydride.
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The synthesis and alkaline hydrolysis
of ethylene oxide ring compounds froffl'L-rhamnose
and from L-fucose. * "

Ihl^QhliCllQh.

Deoxy-sugars are formally derived from ordinary

sugars by the replacement of a hydroxyl group by a

hydrogen atom, A number of sugars of this kind

exist in Kature. Thus, 2-deoxy-h-riboae is present

in many cell nuclei. Deoxy-sug&rs are common

constituents of nucleic acids, of the cardiac glyco-

! sides and of natural plant glycosides.

The most common deoxy-sugars are the 6- or

deoxy-hexoses, with a terminal methyl group in place

of the primary alcoholic group, Naturally occurring

6-deoxy-sugars are 6~deoxy-I>«.glucose (quinovose,

epirhamnose) (5), 6-deoxy-h- and -L-g&lactose (h- and

m~fucose) (6), and 6~deoxy-L-manncse (l»-rhamnose) (7).
Considerable interest attaches to the two last named

sugars as they are both constituents of polysacchar¬

ides, and various methylated L-rhsmnoses and L-

fucoses have been isolated by the hydrolysis of

methylated gums and mucilages. For example, 2:3:4-

trimethyl-L-rh&mnopyranose has been isolated from the

hydrolysis products of methylated gum arable (l) and

from the somatic portion of the cells of Mycobacterium

tuberculosis (8); in both of these polysaccharides

L-rhamnopyranose residues have been found to occupy



terminal positions in the molecule. In addition,

many mucilages such as those from mustard seed

(Irassica alia), cress (Lepidum sativum) and plantain

seeds contain L-rhamnose. Prom the mucilages of

flax seed (9), slippery elm (blmus f'ulva) (10) and

PIant aao ovata Porsk (ll) an aldobiuronic acid has

"been isolated and identified as 2-D-galaetouronosyl-

h-rhamnose, from which 3:4-dimethyl-l-rhamnase is

obtained on methyl&tion and hydrolysis. 4-hethyl-L-

rhamnose has been obtained from methylated slippery
elm mucilage on hydrolysis (12).

L-Pucose is the main constituent of the poly¬

saccharide fucoidin which is found in the cell walls

of some of the brown algae (Phaeophyceae) • 3-hethyl-

and 2:3-dimethyl-L-fucopyranose hare been isolated

from the hydrolysates of methylated fucoidin (13);

2*3s4-trimethyl-L-fucopyranose was obtained as a pro-

sduct of hydrolysis of methylated gum tragacanth (14)
and L-fucose is also present in sea-urchin eggs (15),
in frog spawn mucin (16) and in blood group substances

(17). It has also been found that, frequently

associated with alginic acid, there are polysaccharide

derived from L-rhamnose residues (18) and from L-fucos

residues (19), respectively. Pinally# D-fucose,

although not found as a constituent of polysaccharides

is a constituent sugar in the form of its 3-methyl

ether of the digitalis glycosides, such a3 emicymarin

and iso emicymarin.



The ehemlstry of the S-deoxy-hexaees vssemh&ee

teat of the ordinary sugars* one of their moot common

reactions "being eeterifi cation* and among some ©f the

most useful esters prepared are the toluene- 2 *

sulphonyl 20) and the msihaaeaulphonyl(21) esters*
*"

These esters have been particularly well studied and

exhibit certain unique character!stics which sake than
\

of iisportanc© in synthetic organic chenietry»

It was found by Kenyon and PhiHips (22} that

sideline hydrolysis of the toluene- p-sulphonyl reei-
jdue of an active alcohol yields an alcohol with a

different sign of rotation whereas the hydrolysis of
'

the correspending acetate affords m alcohol with

unchanged sign of optical rotation, These authors

found that l&evo- p -oct&nol gave a p -octanol acetate
widen was laevorotatory* while the toluene- o-suipfcon-

s ate from laevo- f3 -oetanol still had a laevo rotation %

replacement of tee toluene- g-sulphonyl residue by
jacetyl gave rise to [3 -oct&nyl acetate which was
aextro ro tato ry •

I

<r u H

c<\ / 6 !x^/ I
t/\o„ X°4°.C'K7
U.J- f - oct^o? ?****-f- £ '^Uak

*c.H

tOcocHj

CfeHU I OCOtH-5

I
c \ I

"3 "* ,

(J _ocW<2 o-cet&te f3 - 0 *
CH O COCH ■» CH3 H



This is considered, to he due to the fact that in

each reaction the hydrolysis occurs at a different

point; with the acetates the cleavage takes place

between the acyl group and the oxygen atom (R-0 —f-Ac),
while for the toluene- 2-sulphonate esters it occurs

between the alkyl radical and the oxygen "bridge

(R-j-Q-Ts), Walden inversion resulting on removal of
the group attached immediately to the asymmetric -

centre, Peat{23) considers that the same type of

reaction occurs with the toluene- ^-sulphonyl deriva¬

st!ves of sugars, that the saponification of the

sulphonic acid involves a break between the asymmetric

carbon atom and its attached oxygen with the formation

of a carbonium cation:

^^lh-O-SOxR ^ CH 4- :o-So^R
A major difference in the behaviour of the toluene-

sulphonyl derivatives of the sugars and of the simple

alcohols on hydrolysis is due to the presence and

possible influence of other hydroxyl groups on neigh-

sbouring carbon atoms in the sugar chain. The actual

liberation of the carbonium cation is not considered

to be essential, scission must however take place

between the carbon and the ester oxygen ana this is

followed by anhydride formation. An exchange of

anions on the carbonium cation occurs, the toluene-p*

sulphonyl anion being displaced by a nucleophillc

group provided by a hydroxyl group present in the sugar
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molecule. Proof that the replacing group comes from

within the molecule is given "by the treatment of a

sugar toluene- S-sulphonate with sodium methoxide or

with potassium &c@tate{24); in neither example is

the toluene- £ - sulphonyl residue replaced "by the

external ion (-OMe or -GAc)i a nucleophilic group

already present in the molecule effects the displace-

sment with the formation of an ethylene oxide ring.

Phis may "be illustrated as followss;-

In order for ethylene oxide ring formation to

take place a hydroxyl group must "be present on a

neighbouring carbon atom. Purthermore, this hydro-

sxyl group must be trans-situated with respect to the

toluene- S-sulphonyl residue. The essential ch&r&c-

:ter of this trans-exchange is vividly brought out by

contrasting the results of the action of sodium

methoxide on methyl 4-me thanesulphonyl- p-D-gal&eto-
and -glucopyranosidei

-cJLcU- -^c.- 3-.4-aAojA«>-
^ —3) — <^o£o.cho\f -JL^WOS'OA.^ •



In the h-glucoside the traha-situ&tion of the

exchanging anions on C3 and C4 is conducive to anhyd-

sride formation as is shown ty the rapid production

of methyl 3;4-anhydro- p -D-galactopyrahoside; on the
other hand, neither removal of the me thanesulphonyl

(ids) group nor dehydration is brought about by the

action of sodium methoxide on the p -h-galactoside
where the adjacent exchanging anions are cis-situated,

in spite of the presence of the same number of free

hydroxyls as in the h-glueoside. Moreover, a four-

membered anhydro ring is not formed in the D-galacto-

iside although a trans-situated hydroxyl is available

on Cg , and a freely rotating one on Cg apparently
offers no inducement to reaction. And, as with

toluene- ;g-sulphonyl, so too with the me thane sulphonyl

group, there is no replacement by the external methox

iyl ion.

Ethylene oxide ring formation by the above

mechanism is an intramolecular reaction and, as the

exchange is effected by trans-disposed groups, the

asymmetric centre would appear to be approached by
the entering group from the opposite direction to

that occupied by the sulphonic group; ring closure

should then be accompanied by inversion of configura-

stion of the carbon atom which originally bore the

displaced anion. This has been verified for all

cases where configurations! change occurs on an
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asyiametric carbon atom, where the change could he

followed polarimetrieally. It should perhaps he

emphasised that configurational change always takes

place at the asymmetric centre which originally

carried the toluene-jg -sulphonyl group and not &t the

carbon atom which carried the replacing anion. For

example* methyl 5s 4s 6-tri acetyl-p -J-glaco side ;•>
toluene-^-sulphonate(I) on treatment with sodium

methoxide gives methyl 2:3-anhydro-p -D-mg
pyranoside(II) (26,27),

anno-

CH,Of\c C.^j.Ol-1

PkcQ

owe

NolOMe

VK

CfTs

OM«

Similarly, methyl 2-toluene- £ -sulphonyl-!)-xy lo«

furano side (III) gives methyl 2:3-anhydro-D-lyxoside

(IV) (39),

>

HO<H,

om<l
OMe

°Ts
III iV

Removal of the toluene- £-sulphonyl group may,

hoxvever, give rise to a five-mexr.bered butylene oxide

or pentaphan ring, but if the structure of the mole-

jcule allows for the formation of an ethylene oxide
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and a five-membered ring, the ethylene oxide ring

forme preferentially. l:2-iso Propyl!dene-6»toluene

-g -sulphonyl-D-gluco-furanoae(V) has free hydroxyl

groups at C3 and Cg and alkaline hydrolysis gives only

,the 5:6-anhy<iride(VI) (28), "but if the hydroxyl group

at Cg is blocked by another -QTs group, then the

5»6-anhydride(IX) is produced(28)«

* VI Q-^

It is to be observed that the formation of 3:6-

anhydro rings, unlike ethylene oxide rings, does not

involve any Walden inversion, but it must be remember¬

ed that Cg is neither part cf the sugar ring nor is
it asymmetric. The formation of three-merabered and

five-membered anhydro rings is, therefore, not

strictly comparable.

Sometimes the ethylene oxide ring undergoes

transformation into the more stable 3:6-anhydride.

Seebeck, Meyer and Reichstein(29) found that ls2~iso-

propylidene-6-toluene- E -sulphonyl-P-glucofuranose

(VII) gave rise on hydrolysis to the 5:6-anhydro-

deriv&tive(VIII) vhich, on storage in a desiccator,

was converted into the 3:6-anhydride(IX).



sate are substituted "by other radicals, it is very

difficult to replace the toluene- jg -sulphonyl group.

Thus, diiso-propylidene-galactopyrsnose 6-toluene- & -

sulplionate and diijgopropylidene-glucofuranose 3-

taluene-j*-sulphonate(3G) axe hydrolysed with eompar-

iative difficulty by alkali# On the other hand,

methyl hexoside 6»toluene-£-sulphonates are readily

converted into the methyl 5:6-anhydro-hexosiues. It

is significant in this connection that although the

transformation of 1 j2-isopropylidene-5:6-ditoluene-1

-sulphonyl-2-glucofurk.»oae into the S:6-anhydro-

deriv&tive takes place easily, ring closure does not

occur if the toluene- sulphonyl residue is on C3

and the hydroxyl group on Cg, In the latter case

hydrolysis is slow and isopropylidene-D-glucofuranose

is the sole product(31).

3:6-j\nhydro-derivatives may also he obtained by

tiie alkaline hydrolysis of sugar sulphates{32,33,34).

If, however, the hydroxyl group on Cg is blocked by

zaethoxyl ion then, if the necessary conditions obtain,

hydrolysis of a 6-sulphate will give rise to an

ethylene oxide ring. 1 s 2-i soPro pyli dene-3-me thyl-



• IS

jgluooftHruoooo 3»eui$ia»te (S8) (£} on treatment vdth

sodium saethoadde gave Ba6»«ah-yciro«»la tz-i

S**metliyI«gIuoofUra»ofl«(SX},

CHr

o—cM«:

though tola proved that oug&y sulphates ctoi ^ive

arise to ethylene oxide ring ©oaipoun&ot a© the sulphate

*»® a»t att tidied to am asyBfcvetrie centre* the ^eldon

inversion so character!otic of the hydrolysis of

isuXjkonic mtm® could sot be observed* ■«vemt

tk© analogy between the tw hinds of ester wee con*

t pietod ^ the isolation of 1»6»s« 3-di anhy 4ro» f3 -J»
Mvnrftsoitiai) (Sin > fVo» l»6*aafcydro~ /3~i>»£^a©to»
ipyranose &»ottl;phate(XZl}» inversion fc&viag occurred

I

cn the carbon atom which forsseriy carried the sulphate

group*

HO

Nj
H

OH

H

CH

WaOMe

OSO,
XII

To &m^&rle©# ethylene oadde Hag fofixation ia

jnigare i© an IntJFSBSoloeul&r reaction brought about by
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a trans-exchange of anionoid groups on a potential

earbonium cationf the displacing ion "being anionoid

oxygen derived fro® a hydroxy1 group "by proton remov¬

al. The fact that acid hydrolysis of a sugar ester

is not known ever to have given rise to an anhydro

ring is experimental corroboration of this view since,

if it be correct, it is obvicus1 that hydrolysis of a

sugar ester leading to the elimination of the elements

of water can only be accomplished by alkaline reagents.

If the ester group is situated on Cg and there is a

free hydroxy! group on C3, alkaline hydrolysis will
give rise to a 3:6-anhydro»derivative which may be

preceded by 5;6-ethylene oxide ring formation if the

appropriate conditions obtain.

The behaviour of the ethylene oxide ring and the

3t6-anhydro ring towards hydrolytie reagents is quite

different. The normal hydrofuranol ring is unattach¬

ed by acid or alkali, whereas the ethylene oxide ring

is easily ruptured by both acid and alkali. It is

considered moreover that the seme essential mechanism

is involved in the scission of the ring with either

type of reagent. We will consider first the effect

of the alkaline reagent, sodium methoxide.

The active agent in this case is the methoxyl

anion CH3O"" and here the external ion becomes part

of the final product. In other words the reaction

is interaolecular in contrast sdth the hydrolysis of
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the ester grouping which was intramolecular. The

first step is for a c&rbonium cation to he produced

at one of the carton centres and the oxygen atom

becomes negatively charged.

S N

jf r+ ch,0-c-+\
H-C^ ^ ^~
h-c^ h — c-ct k-c-oh

The methoxyl group can then approach the carbonium

Cation on the side opposite from that originally

occupied by the ethylene oxide ring, union occurs and

this results in a change of configuration on the ear-

shon atom which acquires the methoxyl group. There

are, however, two centres at which anion exchange can

occur and depending on which centre develops cation

activity so the final product is different. hiace in

many examples both centres become active, two differ-

:ent sugars are produced on alkaline scission of an

ethylene oxide ring and both of these are configurat-

sionally different from the ring compound itself.

This can be illustrated best by specific examples:

methyl 3:4-anh^dro«2:6-dimethyl- jh -i)-alioside{XIV)
gives a mixture of methyl 2s3:6~trimethyl- [J »I>-giuco-
|&side(XV) and methyl 2:4:6-trimethyl-(!>-D-guloside
(XVI) in the proportions of 2 : 1
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CH OM<, OrtJ&Me

oMe

W«_0

XIV

iMstfegrl 2t 3»onlay<iro*416*dtBwt&3rl*P *x.-uannsRirr ;*n©sid*
(mi sciesioft wit& aodim ssethoxido give# ©^ui»

itiidJLs@ul.a3r of me fifty1 gi4»6*tri»eti3yl<* /^-i4
jglueopyr&nosldelXVXXX) and metfeyl 3t4«6»triaetJiyl«/^-
^iO»t*osyr©iieaids(s£l£} (27}«

CH^OMe OV^Me

hto

chzO^4e

oHc.

+
Mo.o

oMe.

XVIIX AIX

• if soditaa hy$xsizliz& iimtsad of sodiurs mov&ca&de is
*r

used ao tu® SsytiiXlytic agent* u jsl&iur© of methyl 4*3*-

dismtiiyl^y3 »i**,gl«G©slde and *sltroeld® 1# produeedCSl)
• -''fcfea tfcesc it could appear tliat ©leave#® of

tii© sBbydftc sing m eltfeer ©ids of tfc© ©sKygesa afoa

tdfcoa ids,©© «&t& tfqdal facility.
It itinsmld Tex* pointed out, fco«©T©r» fh*t too

products cermet invariably toe recoguiscot tbo chances

of tb© ethylene aside Tim breaking in- a particular

v/«y deposing presumedly on ateric factors. 3s 4*

•jalivdrs^it&*iaqtaronriideaewdi*001000# (allttloae] (X'O
viim treated vltfc sodium hydroxide yields a mixture



of pr0duets(3&) among which 1-.2propyl!dene

fruetoso(JGI) w&s detected, inversion having occurred

at €$, is!til gsodlusa methcal&e however, inversion u, ;i

mainly on C4 and 4-tiethyl»li 2»1 appro pylidene-iVcorfcose

(XXIX) was the cnief product#

XXI XX XXII

Percivai and 2ebrist found(39) that hydrolysis

of methyl 2s3~anfaydro«dXlyxo©ldo with ©odium methonide

gave two product©! £•»©thy l«>h»;jsylooe and o-aethyi*!)*

araMnose in the ratio of is2$ whereas* if the Cg
hydroayl group was methylated prior to the scission of

the oxide ring, then the sole product ma 3s®*»

dic*e thylwiv&rahi s;© s©«
.

In the ring opening of methyl 2i3»aahyd*o*4s6«

tenaylidene- alioside (XXV) with ©odium aethoaetde

jPeat ©ad biggin©(40) obtained methyl 4sP-beassylideae»

2»£3ethyl&ltfoeide(XXVX} a® the main product while the

second derivative methyl 4t6»bena^Xldene*3-u5sthyl~

sglueoside(X£VII) was isolated only in XQ£ yield)

further, in the ease of methyl 213-anhydro-4 s 3•

[bennyli dene~ /3 -j-taloaide Wiggin©(41) only succeeded i

in isolating the second product, methyl 4t6»ben«ylid*

sone^S-metfayl-P-l/-galactooiae» with great difficulty
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ana in ninute yield,

Al though the "behaviour of ethylene oxide rings

towards alkaline reagents has "been most exhaustively

studied, a certain amount of work has been carried

out with acidic reagents and the examples so far

recorded indicate that the mechanism of the reaction

is essentially the same as with alkali. Thus, by

the action of aqueous sulphuric acid on methyl 3s 4-

anhydro* (3 •D-galac toside derivatives of D-glucose
ii-gulose are obtained!42), Mention should "be made

however of a result obtained by Oldham and Robertson

(30) which does not follow this general mechanism.

These authors failed to isolate any derivatives of
'

glucose from the mixture obtained from the action of

cold, dry hydrogen chloride in acetone on methyl 2-

acetyl-3:4-&nhydro-6~iri tyl- c*-D«-galact0side, but

obtained instead derivatives of gulose and galactose,

the latter having arisen apparently without any

inversion at the asymmetric centre. As far as the

writer is aware, this is the only recorded exception

to the rule that ethylene oxide ring scission involves

the trana*exchange of anionoid groups.

This work has been repeated recently by Labaton

and Hewth(51) who found that if aqueous hydrochloric

acid is used as the hydro lytic agent then the reaction

follows the normal translation exchange and methyl 3-

chloro-3-deoxy- •D-gulotid© and methyl 4-chloro-4-

deoxy- c< -D-glucoside are obtained. At the same time
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however these authors confirmed the results of

Oldham and Robertson. They found that if dry hydro-

:gen chloride in acetone was employed, then methyl 3s4

-iso pro pyli dene- ^-D-galac to side was obtained in

place of the glucoside derivative and suggested that

the following scheme would account for its formation:

The transformation of an anbydro~sugar into an

am±no-deoxy-sugar by the action of dry ammonia(40,99)
is regarded by Peat(33) as an exchange of the NlC
anion derived from ammonia as follows:

BHj . U+ + HH£".
Ho essential difference has been found in the mode of

scission of the anhydro ring -tfcea ammonia is employed.

Apart from alkaline and acidic reagents, scission

of tiie oxide ring in anhydro-augars can be brought

about by Grignard reagents(43,44,45,46). It has been

found(47) that the attack of a Grignard reagent

follow© essentially the same course as when acid or

alkaline reagents are employed, methyl 2; 3-anhydro-4:6

-benzylidene- ct-D-alloaide giving with methyl magna a-

:ium iodide methyl 4:6-benzylidene-3~dea:xy«»5~iado- c< -

h-glucoside in 80$6 yield. It will be remembered

that the action of sodium methojd.de on this compound
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Similarly ni til methyl 2:o-anhydro-4:6-benzylidene~ -

D-aliosida(40) (oxide ring "belov; the sugar ring plane)

the "bond nearer the glyeosidic group mainly "breaks.

She presence of a lsG-anhydro ring in the molecule,

however, appears to cause the opposite effect and 1«6~

2:3-dianhydro-p-B-talopyrsinose (ring above) (49)
gave mainly ls6-ani3.ydro^2-Biethyx-D-galactose, the

oxide ring having broken on the side nearer to Ci.

However, acidic hydrolytic reagents according to

these authors reverse tne proportions of the products

obtained and when acid hydrolysis occurs and the oxide

ring is below the sugar ring, then it is the bond far¬

ther from Cx which is mainly broken. The exignple

Quoted is methyl 2i3-anhydro- c^-h-alio side (XXV) t
I
alkaline reagents!40) gave maidiy the altroside deriv-

jative(XkVI), vaaereas from the action of hydrobromic

and hydrochloric acias the methyl 3-caloro-3-d8oxy»
.

and aethyi 3-brumo-5*deoxy» oi ~u-glucosides(XOT.II J
■

were the main products.
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Experiments with sulphuric and. oxalic acid as hydrol-

ytic reagents on methyl 2:3-anhydro- oc-D-alloside

produce a similar effect to that of the halogen acid.

It is surprising to the writer that the position

of the glycosidic group relative to the position of

the ethylene oxide ring is not the determining factor

in the ring fission, hut in the examples quoted(XXIII)

and (XXV) in one case the glycosidic raethoxyl and the

ethylene oxide ring are "both above the plane of the

sugsir ring and the main product is the 3-derivative,

whereas in the second case the oxide ring and the

glycosidic methoxyl are again "both on the same side

of the sugar ring and the main product is the 2-deriv¬

ative. It would appear from this that it is the

relative position of the terminal carbon atom which

influences the cleavage of the oxide ring.

More recent work(50) has shown that the conclus¬

ions advanced by Newth, Overend and Wiggins(48) with

regard to ring cleavage cannot be applied universally

Dibenzyl hydrogen phosphate(52) reacts with methyl

213- anhydro-4:6-benzyli dene- c* -D-aliopyranoside to

give (after removal of the benzyl and benzylidene

groups) predominantly methyl <x -h-altro side 2-phosph-

ate which is what would have been expected from

alkaline rather than acidic fission. Again, the

action of hydrochloric acid on methyl 2»3-anhydro-4:6

-benzyiidene-cy--D-mannoside(53) followed the same

course as alkaline fission(40,54) of the anhydro ring,

and gave rise to methyl 3-chloro-3-decxy- oc -D-
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altroside in 92^ yield.

Finally an attempt has "been made to extend Fftrst

and Plattnerfs rule, that "steroid* epoxides break to

give a product with the two groups in polar positions

(55), to sugar epoxide derivatives^ and Hewth and Homer
(53) contend that derivatives which have the ethylene

oxide ring stabilised by a l:6-ahhydro or a 4:6-benzyl-

idene group obey this rule. The examples they cite

jfn support of this behaviour are Is6-2s3- and 1:6 -3:4

-dianhyaro- ft -i>-1&1opyra»ase with ammonia(49) and the

predominance of methyl 4:6-benzylidene- oc-D-altroside

derivatives from both methyl 2:3-anhydro-4j 6-benzyii-

dene--B-alio side and methyl 2:3-anhydro-4:6-benzyli-

dene- oc-D-aannoside( 53). Should the stabilising

group (l:6-anhydro ring or 4:6-benzylidene group) be

absent or be removed from the anhydro-sugar during

reaction with acidic reagents, these authors consider

it is more difficult to predict which product will be

obtained in greater quantity.

Bose, Chaudhuri and I5hattaeharyya(103) have

examined this rule further. They support Uewtfa and

Hosier in so far that they are of the opinion that the

scission of the epoxide ring in 2:3-anhydro sugars by

alkoxides, alkalis, ammonia and thiols gives predomin¬

antly products which have the entering groups in the

polar conformation: altrose derivatives are obtained

in preference to glucose derivatives from 2:3-anhydro-

alloae and 2:3-anhydromannos@ derivatives; idose
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derivatives are produced in preference to galactose

derivatives from 2:3-anhydrogulose and 2:3-anhydro -

talose derivatives; but they differ from the latter

authors in that they do not consider the presence of

a stabilising group necessary. When 3:4-anhydro

derivatives are subjected to scission, Bose et &1.

consider that in the main derivatives with the enter¬

ing groups in the equatorial position are obtained but

that the real governing factor in these derivatives

is the bulky primary hydroxy1 group which must be

trans to the substituent at position 4, The weak¬

ness of this theory of polar or equatorial substitut¬

ion lies in the assumption that the sugar ring in all

these derivatives has the Sacixso trans conformation.

Although there is some evidence from X-ray studiee(l04)
that sugars in the crystalline state do exist in this

form, no definite evidence has so far been advanced

concerning the conformation of the sugar ring in

solution. It en ould be emphasised that fission of

the anhydro ring and substitution of the entering

groups always takes place in solution and the above

arguments therefore do not appear entirely conclusive

to the writer.

Certain experimental results can only be explain¬

ed by postulating the occurrence of multiple formation

and scission of anhydro rings. The conversion of

methyl 2-1oluene-j>-sulphonyl- |3 -B-glucoside(XXIX} into
a B-idose derivative by Lake and Peat(58) requires

inversion of configuration on Cg, and which,
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um

the authors considered, involves the formation of a

2:3-anhydro ring followed "by a 3:4-anhydro ring. The
■

first product of the reaction of sodium methoxide is
.

Methyl 2s3-anhydro- -D-aannoside(XXX) . Excess sodi

methoxide causes fission of the 2:3-anhydro ring and

subsequent rearrangement leads to the formation of

methyl Sj4»anhydro~{i D-altropyranoside(XXXI) which is
isolated as syrupy methyl 3:4-anhydro-2:6-dimethyl-p
-D-altropyranoaide. further treatment of this syrup

with sodium methoxide gives mainly methyl 2:4:8-

trimethyl- # -D-idopyranoside(XXXI1).

chv0h -H,OH CHtOH

OM< M-t

w«o

OH h

xxxix

\ pt»c

vl

Levene and Compton(59) believe that formation

and cleavage of a 4:5-ethylene oxide and a l:5-anhydro

ring compound (the former having h-gulose and the
latter D-allose configuration) is necessary to account

for the formation of methyl 6-deoxy-2t3-1 sopropylidert

-D-allofuranoside by the alkaline hydrolysis of 2:3-

isopropylidene-5-toluene-p-sulphonyl-L-rhamnofuranose.

Ko snhydro-sugars could be isolated.
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Although anhydro-sugars of the ethylene oxide

type have never teen detected as constituents of

living material, it is tempting to visualise metabolic

processes taking place in this manner and it may well

"be that "biological interconversions of sugars are

"brought about "by anion exchange on earbonium cations.

Peat(60) in fact suggests that the change from glucose

to galactose which takes place so readily in the

mammary gland may be through the formation of the D-

glucose 5~phosphate followed by successive intramole¬

cular anion exchange on Cg and C4. Although no direct
support has been found for the suggestion, it is

plausible to envisage the interconversion of sugars

in seaweeds and other living systems containing

polysaccharide sulphates by means of ethereal

sulphates and ethylene oxide ring compounds.

Apart however from the hypothetical use of such

substances in Uature, the value of ethylene oxide ring

derivatives in the laboratory for the synthesis of the

rarer sugars has been immense and it is only necessary

to exa/aine the examples cited in this account to

realise the wide variety of sugars and their derivat¬

ives which may be obtained from these ring compounds.

It was considered that the isolation of new

derivatives of 6-deoxy-sugars might be achieved by

the application of these methods} accordingly, methyl

4-toluene-^-sulphonyl-L-rhamnopyranoside and methyl

2-toluene-£-sulphonylfL-fucopyr&noside have been
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prepared. Removal of the toluene-£-BUlphonyl groups

gave crystalline methyl Sj 4-anhydro- and crystalline

methyl 2:5-anhydro-L-taloside, respectively. Both

these substances have been subjected to alkaline

fission with scdiuic methoxide both before and after

,.3pethylationf and attempts have been made to identify
.

and characterise the mono- and dimethyl sugars

obtained.



EXPERIMENTAL
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All evaporations were carried out under dimin¬
ished pressure, the temperature not exceeding 45*.

Carbon, hydrogen and nitrogen micro-determin¬
ations were carried out by Drs. Weiler and Strauss
of Oxford.

Fethoxyl group and sulphur micro-determinations
I were carried out by the author.

Unless otherwise stated the following solvents
have been used throughout as eluants (top layer) in
chromatographic analysis-.

Solvent (I)-. n-Eutanol-Ethanol-Wpter (4-.1-.5. v/v )
Solvent (II). Benzene-Ethanol-Water(169 •. 47 -.15, v/v )

The following Hp values were determined-.

Substance Solvent (I) Solvent (TT)

I. I-Hhamnoee -

i 2. 4 -Methyl-T -Hhamnose
| 3. 2 .4-Dimethyl-T -Hhamnose --

4 . 2 -. 3 -Dime thy1 -L -Rharano se - -
5. 2^3.4-Trimethyl-L-

Rhamnose --,

6 . Methyl 3 *. 4 -Anhyd ro -6 -

deoxy-«^-L-Taloside
| 7 . Methyl 3 -. 4 -Anhydro -2 -methyl-

6-deoxy-<x-I-Taloside
6. 6-Deoxy-L-Idose
if. 6-Deoxy-3-Methyl-L-Idose -

| 10 .L-Fucose
II.2-Methyl-L-Fuco se

I 18.2;4Dimethyl-L-Fucose
13.2•.3-.4 •. -Trimethyl-7 -Fucose-

I x A saturated aqueous solution of aniline oxalate
was used as a spray, except for substances 6 and 7

I where a 5I phosphoric acid solution in saturated
| aoueous aniline oxalate was used.

The I-fuoose used for the preparation of anhyd ro-
isugare in Part II was made available to the writer
through the generosity of the Institute of Seaweed
Research.

0.40
0.66
0.86 0.94
0.62 - 0.89

1.01

0.92s

1 .03*
0.50
0.72
0.21
0.59
0.80
0.94
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SYNTHESIS OF VMh:mL-6-DjiX)Xr-L-MAKMOSB (4-KE2KYL-L-
HHALflTOSEj J-METHni-6-DiaQXY-L-IDOSE AND OF 2:4-DBIEg-IYL-

L-HHAMNOSE.

«o
-o

t-M, \j
/

OCHj HO OCH, Tso

OH OH

Methyl oc-L-
rhamnoside.

6 O

Methyl 2:3-iso-
propylidene

ot-L-rhamnoside.

OcH,

-C

Methyl 2:3-isopropylidene
4-toluene-£-sulphonyl-

L-rhamnoside.

,0H -{_ OCH,

HO

OH

h,oh

oh

4-Methyl-L-
rhamnose.

3-Methyl-6-deoxy-
L-idose.

OCH,
Tso

k
H ' -

X
OH Oh OH

Methyl 3:4-
anhydro-6-deoxy-
«x-L-taloside.

Methyl 4-toluene-£-
sulphonyl v-L-rhamnoside

CMjO Och,

ch-

OH OCH, OCH,

2:4-§imethyl-L- Methyl 3:V-anhydro-6-deoxy
2-methyl- -L-taloside.
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Methyl <x -L-Rhamnoside,
2.0*

cx-L-Ehamnoae Hop(25.0g*) mp.93-94°, -90_J=H_s°
(c, 4,0 in water) was treated six times with alcohol

and bensene(6s4,v/v) and gave anhydrous rh&mnose(22.1g.)
m.p.l20° , H -v- 58 —*> -v9° (c, 2,5 in water), The latter

was dissolved in methanol!© hydrogen chloride solution

(280c.c, $0,25^} and heated at 80° under reflux until

non-reducing to Rehllng's solution! 40 hours), After

cooling, the solution was neutralised with silver

carbonatej the silver salts were removed by filtrat¬

ion and extracted with hot chloroform{4 x 3Qe.c.}.

The combined extract® end filtrate were evaporated

under diminished pressure and gave a colourless syrup

(23,85g«) which crystallised spontaneously, mp.109-110°,

-62° (c,l,0 in water)? lattice constants

(from layer line spacings, kindness of Dr# C. A. Beevers

a =8.1, b — 13,2, c = ?«4 (Braekken, Keren and

8orensen(l06) record a = 6,2, b = 13,1, c=7,5 for¬

me thy1 oc-L-rhaiano side).
In a second experiment, anhydrous rhaamose(2l,9g»)

was converted into the glycoside!23,51g,) by reflux!ng

the sugar with a £$ methanolie hydrogen chloride solu*

tion(l50c,c.) until non-reducing to kehling' s solution

(6 hours).

In a third experiment, anhydrous rhamnose( 3,0g»)

was dissolved in dry methanol(30c.c,) and heated unde?

reflux at 80° in the presence of an equal weight of

Cation exchange resin (Amberlite 1R-100-H) until
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.

nun-reducing to Fehling's solution (9-10 hours). The

resin was removed "by filtration and washed with hot

methanol (6 x lOc.c,), Removal of the solvent from

the combined extracts and filtrate yielded crystalline

lie thy1 oc-L-rhamnoside (2,50g, ) ,

hethyl 2:5-i soPropylidene- tx -L-rhamnoside,

This method follows very closely that of Percival
.

and Percival (107). methyl oc-L-rhaffinoaide( 23.5Qg.)

was dissolved in dry acetone(1350c.c.)» 20 drops of

acetaldehyde and anhydrous copper sulphate(320g.)

were added and the mixture shaken vigorously for 120

hours. At the end of this period, 7 drops of cone ©Ti¬

trated sulphuric acid were added and the shaking
|

Continued for a further 20honrs. The copper sulphate

was filtered ana extracted with dry acetone(6 x 300c.c.

The filtrate and extracts were combined and neutralised

with barium carbonate; the barium salts were also

extracted with acetone (3 x lOGc.c.}. The combined
- .. . *. ,

extracts and filtrate were then taken to dryness and

the resulting syrup distilled in the presence of a

trace of barium carbonate at 110-115°(bath temperature)
lb°

/0.05mm.; yield 23.61g. (75$ of theory}? ^ 1.4563?
\x*

£«X -«° («■ 1.0 in acetone).
In repetitions of this preparation it was found

unnecessary to add concentrated sulphuric acid, as

the addition of acid catalyst did not appreciably

increase the yield.
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Methyl 2;5-1 soPropylidene-4-toluene-T>»Bulphon;yl-
oi-h-rhamnoside.

Kethyl £: 3-isopropylidene- c*-L-rhamnaside(23.0g.]
in two half-lots, was dissolved in two portions of

pure, dry pyridine(55c.c.} and each half was treated

with finely powdered toluene-£-sulphonyl chloride(21.Gg.)
in small portions, with cooling and frequent shaking.

After standing at 15° for 40 hours and at 22° for a

further 8 hours, the dark red solutions, in which

feathery crystals of pyridine hydrochloride had appear¬

ed, were poured onto finely crushed ice with stirring.

A small quantity of crystals was obtained, "but the

main product was a sticky pink solid. Complete

removal of the pyridine "by repeated washing with water,

however, gave a powdery amorphous solid. The first

two litres of the washings were extracted with chloro¬

form (4 x 300c.c./500c,c, washings); the extracts

were successively washed with sulphuric acid solution

(10$; 4 x 300c.c,)f saturated aqueous sodium hydrogen

Carbonate solution (3 x 300c.c.), and with water

(2 x 300c.c.). The combined washed chloroform extr¬

acts were dried over anhydrous sodium sulphate; remov¬

al of the solvent afforded a brown mobile syrup

contaminated with pyridine. Tills syrup was poured

onto crushed ice, and, after repeated washing to free

it from pyridine, a white amorphous powder was obtain¬

ed. This was combined with the main product (Total

yield 28,Og.) and recrystallised from methanol in the
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o ,s* o
form of 1 rge plates(25.lg.) mp.60-61 , (c,
2.9 in methanol).

bounds 6, 54.64; H, 6,46, Calc, for C17HpA0«S:
C, 54.84} H, 6.45Lt ** '

Methyl 4-Toluene-p-sulphonyl- -L-rhamnoside,

Crystalline methyl 2t 3-i so propyl! dene-4- toluene-

sulphonyl-c*-h-rhamnos''de( 24,Og, } was treated with

liiethanolic hydrogen chloride(lo5c,e. ) at 70° for

75 minutes. After neutralisation with silver caroon

ate and extraction of the silver residues with hot

methanol!4 x SGe.c.}, removal of the solvents from the

combined filtrate and extracts afforded methyl 4-

toluene-p-sulphonyl-oc -L-rhamnoaide( 20,£g.) as anon-

reducing syrup which on hydrolysis with acid gave a
12.°

negative iodoform test for acetone. It had 1.5206;
r- -T15" ~ -

\^Jd -74° (c, 1.4 in chloroform).

Pounds 3, 8,8; OMe, 8.2. Calc. for C14&2QG7SS
3, 9,6} OMe, 9,3^

methyl 7ji4 A v.hy Aro - 6- ae oxy- cx-L- tgloside.

Methyl 4-toluene-<E-sulphonyI- c*-L-rheenoside

(I9,80g.) was dissolved in absolute alcohol!50c.c«)

and, after addition of 2 drope of phenolphth&lein,

the solution was titrated at 75° with sodium hydroxide

solution!2H; 30.0c.c.) until permanently pink; it was

then refluxed at 70° for 60 minutes and allowed to

stand for 18 hours at 15°. In repetitions of this

experiment the pink colour was found to have faded on

occasions after the solution had "been kept at 15° for

18 hoursj ir such cases more 2M-sodium hydroxide
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solution was added until the solution "became perman¬

ently alkaline, Sodium toluene-j^-sulphonate was

often deposited, either as large white crystals or as

an amorphous powder, and was removed by filtration*

Removal of the solvent under reduced pressure gave a

crystalline solid admixed with syrup} which was

extracted with dry ethyl acetate in the cold(5 x 20c,c.)
and at the boiling point(20c,c,), Removal of the

insoluble sodium toluene-p-sulphcnate by filtration

was followed by evaporation of the filtrate (combined

extracts) yielding a semi-crystalline mass, This v»aJ

recrystallised from warm light petroleum (b,p.40-60°)
giving methyl 3:4-anb.ydra-6-deoxy- oc-L-talaside

(6,77g.) mp, 57-68°, -109° (c, 0.9 in water).
-Founds C, 52.7} H, 7.4, C7%o04 requires

C, 52*5} H, 7.5$

Chromatographi c analy si s wi th butanol i ethanol s

tsater(4sls5 v/v) as eluant and a 4$ solution of

phosphoric acid in aniline oxalate as spray gave a

single spot Rq 0.92, Repeated treatment of the
mother liquors with light petroleum(b,p.40-60°) brought
about almost complete crystallisation and the remain¬

ing small quantity of syrup (X) (0,3g,) produced on

heavy spotting on the paper chromatograta a single

spot, Rq 0.92 (with above eluant and 4$ phosphoric
acid-aniline oxalate spray) identical with that given

by the crystals.

In a subsequent synthesis of this compound

starting from the same quantity of rhamnose H20(25.0g.)
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improved yields were obtained at all intermediate

stages» the yield of methyl 3:4-anhydro-6-deoxy-

taloside being 8.0g., mp.680, [c^ -110°(c, 1,1 in water).
Hydrolysis of Methyl 5:4-Arihydro~6-deoxy- c*-l-

tal o si a e wi th S"-Sulphuri c Aci d.

Methyl 3:4-anhydro-6-deoxy- c*-L-taloside (0.05g.^
15*

teX *M§» was boiled with H-sulphuric acxa{12c.c.)
16°

antil the rotation was constant (3 hours; i 0°),
This gave a reducing syrup which shored on a chroma-

togram a distinct spot identical with that given by

authentic rhamnose (Eg. 0.40) end a faint spot R(j 0,50

thought to correspond with 6-deoxyldose, On standing
this syrup partially crystallised. The crystals had

mp.89° alone and on admixture with rhamnose (ap. 92°)

Alkaline Hydrolysis of Methyl 3t4-.4yfeyd.ro-6-
""deoxy- c^-h-topside -with

(a) Potassium H.v droxl de.

Crystalline methyl 3s4-anhydro-L-t&ioside(0,2g,)

mp.68° was dissolved in aqueous potassium hydroxide

[G$;2Gc.c.)(40) and the solution heated under reflux
on & boiling water-bath for 20 hours. Some darkening

occurred so that changes in rotation could not be

followed. The cooled solution was saturated with

potassium bicarbonate; the whole being then extracted

twice with chloroform. The dried chloroform extracts

(K'a23C^) afforded a pale yellow syrup(0.15g.) which wafe

hydroly sed with sulphuric acid(4$;X5c» c.) and gave a

reducing syrup. This after treatment with charcoal

and filter-eel showed, on a paper chromatogram (with
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butanol~©thanol-water> 4j1:5, as the mobile phase)

two spots; 1. K(j 0.40, identical with that produced

authentic L-rhamnose; and 2. EG 0,50, identical

with that produced by suspected 6-deoxy-L-idose

obtained from other sources.

(b) Barium Hydroxide,

Crystalline methyl 3:4-anhydro»6-deoxy- oc-L»

taloaide(Q.Q35g.} was treated with barium hydroxide

(lg.) in water(5c.c.) at 100° for 2 hours. .Alcohol

(7c.c.) was added to the cooled solution and the

mixture filtered. The precipitate was washed several

times with hot alcohol and the filtrate and washings

treated with carbon dioxide. After removal of the

solvent the residue was extracted with acetone. The
\+°

acetone extracts gave a syrup(0.Q175g,) \emp-6G° (c,
r

0.4 in water), (cf. methyl ovL-rh-ratioside, [?<]^-62°
in water). Hydrolysis with U-sulphuric acid for
4 hours at a 100° gave a reducing syrup,

1,0 in water) which on chromatographic analysis

(butanol:ethanol:water,4:l»5, as eluant) showed a

strong spot Rq 0.40 identical with one given by
authentic L-rhemnose, and a very faint spot Rq 0.50

thought to be 6-deoxyidose.

On standing this syrup partially crystallised.

The crystals had mp, 90°

Repetition of this hydrolysis on the residual

syrup(X) after removal of the crystals of methyl 3:<

anhydro-6-deoxy- c*-L-taloside gs.ve identical results,
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Alkaline ]lydrolysis of diethyl 3;4-Anhydro-6-
deoxy- «-h-taloaide with Sodium ilethoxide.

methyl 3:4-anhydro-S-deoxy- cx-L~taloside(2.5Gg.)
was dissolved in dry methanol(l50c.c.) containing

metallic sodium( 2.0g.) and the solution v?as heated

under reflux at 80° for 19 hours. Carton dioxide was

then buttled through the solution for 6 hours. The

precipitated solids were removed "by filtration

and combined with the residue obtained on taking the

filtrate to dryness. The combined solids were extr¬

acted with chloroform in the cold(6 x 50c.c.) and

removal of the solvent from the combined extracts

gave a brown mobile syrup which distilled at 120-1304

(bath temperature)/0,liam. as a colourless ayrup(A)

(2.0g.),\n^* 1.4685, Vip -117° (e, 2.0 in water).
In subsequent preparations of this compound, the

passage of gaseous c&rton dioxide through the sodium

methoxide solution was replaced by the addition of

pieces of solid carbon dioxide ("cardice"), the

precipitation of sodium carbonate being thereby

accelerated.

Removal of the Given ai dig liethoxvl Group,

The syrup(A) (l»2g.) was hydrolysed with K-

sulphuric acia solution( 52c.c,) until the rotation
is*

became constant, ( -4°{2 hours). Neutralisation

with barium carbonate end removal of the solvent gave

a colourless syrup(0,95g.). Chromatographic examinn-

tion of this syrup with n-butanol:ethanolswater(4jit5)
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as the mobile phase revealed two spots, Rg 0.66 and
Rq 0.75, together vrith traces of free rhamnose,RQ. 0.40.

Separation of Eyarolysed Syrup (a) into its
Constituent Sugars.

The above mixture (0.90g.) was separated into its

components by passage through a column of powdered

cellulose(l08). The solvent employed for elution

was purified light pe tro Ieum(h.p.100-120°)-n-hutanol

(lsl;v/v) saturated with water. The eluate from the

column was fractionated into approximately 5cc. port¬

ions by the automatic device which changed the

receiver after 48-minute intervals. Rvery fifth

tube was analysed chromatographic ally; fractionation

occurred as follows?

Fraction I; Rq. 0.75
mm

Fraction II; % 0.66
Fraction III; RG 0.40

After the removal of solvent each of these

fractions (as well as syrups obtained from cellulose

columns in subsequent separations) were freed from

traces of waxy material by dissolution in water

followed by warming with decolourising charcoal and

filtration through "Hyflo" filtercel. Removal of

the water gave in every experiment a colourless syrup

which was dried by dissolution in absolute ethanol

and removal of the solvent.

Tubes 1-58
■ 68-88
M 89-107
« 108-128
« 129-149
» 150-2.00
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Characterisation of the Fractions,

fraction I. A colourless syrup (0.412g. ,45,8$),
1,6#

% 0 .75, Mg 0.80 (see p. 56 }, \5*3p -14° (c,0.7 in water),
-13°(c, 1.0 in ethanol), 1,4790.

Founds C, 47,8; 8,65 OMe, 18,0. ^4° 5 requires
C, 47.1; H, 7.95 Oke, 17.4$.

This syrup is presumed to "be 6-deoxy-3-methyl-L-

idose since a syrup with identical Rq value and optic¬
al rotation, and identical "behaviour on paper ionophor-

esis (described on p. 54 ) w s obtained from methyl 2s3-

anhydro-cA.-L-taloside (p, 87 ).

Conversion to the methylglycoside with methanolic
r--1(8°

hydrogen chloride gave a colourless syrup, -21°,

(c, 2,4 in ethanol).

Anilide Formation.

This fraction(65mg. ) dissolved in 5c.c. of an

alcoholic solution of aniline (prepared by dissolving

freshly distilled aniline(0.55c,c.) in absolute alcohol

(lOcc.)J containing drierite (0.2g.) was refluxed at

80° for six hours. Removal of the solvent at room

temperature afforded a syrup which crystallised com¬

pletely, m.p. 62-63°, undepressed on admixture with

6-deoxy-3-methyl-h-phenyl-L-idosyl~amine, m.p. 62-63°,
obtained from the 2 *3-anhydroderivative (p. 88 )

Found* G, 61,05 R» 8*05 H, 4,5, Calc. for C^H^gC^ir 1

G, 6I.45 H, 7.95 H, 5.4$,
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Isolation of a Crystalline Phenylosazone,

v. , t ....., . ' . <'/■
This fraction (3Gmg.) in water (2cs.) was treated

with phenylhydrazine (0.15cn.) and glacial acetic acid

(2 drops) at 100° for two hours in an atmosphere of

Carbon dioxide. On cooling in the presence of solid

Carbon dioxide a yellow solid was deposited. The

solid was washed with dilute aqueous acetic acid and

allowed to stand in water with solid carbon dioxide

at 0° for 2® hours. Filtration, followed by recrys-

tailisation from aqueous ethanol gave light yellow
r ~7

needles, m.p. 122-3°,60°(c, 1.6 in ethanol)

Foundi 0L.e, 8.4 ? ¥,14.9 j C19H23°3®4 requires
OMe ,8.7 j 1,15.^ 1

Fraction II. A colourless syrup (0.302g., 33.5^),
KG 0.65, which crystallised completely, m.p. 120°^fiG 0.58

is*
15° (c, 1.0 in methanol) (cf. Levene and ^uskat

m
2,0

(109) who record m.p. 120°, \jx^0-vl3° in methanol for
l~7°

4-iaethyl-L-rh£3anose) ? 14° ini tial ->10° (15 minsJ)
(c, 0.56 in water). Removal of the water from the

rotation solution followed by dissolution in ethanol

and evaporation of this solvent gave a syrup which

crystallised completely on standing, m.p. 120°.

Found: C, 47.2? H, 8.1? OMe, 17.2. Calc. for C„H,
C, 47.2? H, 7.9? Oke, 17.4

Syrupy 4-methy1-L-rhamnose, which had been pre¬

pared by methylation of methyl 2:5-i8opropylidene-oc -

L-rhamnoside, followed by removal of the isopropylid-

ene residue and of the glycosidic methoxyl group, when

nucleated v;ith a crystal of the above Fraction II



crystallised completely.

fraction III. A colourless syrup (Q.058g., 6.5$>),

Hg 0.40, crystallised completely, m.p. 92-94° alone

or on admixture vdth authentic L-rhamnose.

Recovery from the columns 86^ (after purification

of fractions).

A subsequent preparation gave 1.2g. syrup (a)
which, after acid hydrolysis(l.02g.) and separation

on a cellulose column, gave* Fraction I (0.575g.,

56.9^'); Fraction II (0.270g., 26,8j£)j and Fraction III

(O.QoOg., 5.9^), as in the previous preparation,

along with a fourth fraction (0.051g., 5.05^) of Rq

0.50, -2.7.4°(c, 1.5 in water)# heyer and Reich- i
r ~i,s*

stein(l05) record \_£><A6-£60(c, 4,462 in water) for

Q-deoxy-L-idose.

Recovery from the column: 95$.

methyl 514-shiiydro-6-deoxy-2-methyl- -L-talosi de.

Crystalline 3:4-anhydro-6-deoxy- ot-L-taloside

(o.Og.) was dissolved in neutral methyl iodide(l30g.),
the solution refluxed at 43° on a water-bath, dry

freshly prepared silver oxide(8.0g.) being added in

half-gram portions at regular intervals with frequent

shaking over 9 hours. The heating was continued for

one hour after the last addition of silver oxide}

the solution was then cooled and filtered, the silver

oxide being extracted with hot cliloroform(4 x 30c.c,),
The filtrate and extracts were combined and taken to

dryness yielding a syrup which was subjected to a
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further three treatments aa above, its mobility

increasing with each methylation, The product from

the fourth methylation distilled at 80-100°(bath

temperature)/0.$lmia. as a colourless, mobile syrup

(S.Sg.)t Wp 1«4500, -140° (c, 0.6 in methanol)
(Pound? OHe, 55.8| Cq H14O4 requires OMe 35.6$).

Alkaline Hydrolysis of He thy1 5 t4-Anhyd.ro-6-
dcoxy-f.-iaethyl- -h-t looide with Sodium
^ethoxifle followed by Remove! of the

hethoxyl Group,

Methyl 3s4-anhydro-6~deoxy-2-saethyl- oc-L-talosid®

(3.80g.) was dissolved in dry methanol (250e.c.) con¬

taining metallic SGdium( 3.20g.) and the solution

heated under reflux at 90° for 19 hours. The product

was worked up as described on p.37, and a mobile
«*

syrup (3.73g,), -60° (c, 1.0 in water) was obtained.

This syrup was hydrolysed with aqueous sulphuric acid

30c.c.) at 100° until the rotation became constant
\(>°

( \?Qj> -12°; 3 hours). The solution was neutralised

with barium carbonate, and, after filtration, the

barium salts were extracted with hot chloroform

(4 x 15c.c,). The combined extracts and filtrate

were taken to dryness and gave a colourless syrup

(3.20g.) which partly crystallised on storage at 0°.

Yield of crystals: 1.17g.j a.p, 82° „ if allowed to

recrystallise on the glass slide, re-melted at 78°,
V6"

\-a_U-19° (c, 1.0 in water), +-14.5 —-5° (48 hours,

constant) (c, 1.8 in ethanol). Removal of the

ethanol from the rotation solution gave a syrup which
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crystallised spontaneously, m.p, 78°.
Founds C, 49*5} Hf 8.1} OEe, 31.7, CgH^gQij requires

C, 49.9} H, 8,4} OMe, 32.3$.

On the paper chromatogram, using solvent (I) as the

mobile phase, the crystals produced a single spot,
0.04 and^

Eg 0.86. lonophoreois (p.56-7) gave Eg£0,25. Chrom¬

atographic comparison of the crystals -with a syrup,

supplied by Dr. P,W, Kent, thought to be 2:4-dimethyl-
rhamnose obtained from natural sources, showed these

chroma tographically
substances to be/identicals on chromatographic

analysis, identical spots, Rq. 0,86 with solvent (I)
as eluant, and Eg 0,94 with solvent (II) as the
mobile phase, were obtained. Admixture of the two

substances produced a single spot on the paper chrom.
atogram with solvent (l) as eluant.

The mother liquors (C) (2.03g.) from the crystal

(B) on chromatographic analysis revealed a single

spot, Rg 0.86, and a faster one, Rq 1.0, with solvent
(I) as the mobile phase. Purification of this

syrup (C) was affected by passage through a column
of powdered cellulose(108) with n-butanol saturated
with water - purified light petroleum (b.p.100-120°)
(4:6, v/v) as eluant, fractionation being achieved a®
described on p, 38 . A colourless syrup (l.61g.)
was obtained, 1.4548, t=T\^-18°(c» 1.5 in water,
constant), producing a single spot, Hq 0,86, on the
paner chromatogram. This syrup partly crystallised
on seeding with the crystals (B), (0.6g.). The
residual syrup (Q)(0.81g.) had Y*Y -lb (c, 2.3 in

These two values were obtained by the use of
different types of apparatus.'
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T.ater), -I3°(c, 2.3 in ethanol).

A very small quantity of a second fraction, %
16"

1.0, was obtained as a colourless syrup,

(c, 0.05 in water).

Repetition of these experiments gave in one

instance a syrup in 85$ yield, Rq. 0.86, which crystal¬

lised completely, hut in no experiment was more than

! trace of the faster-moving constituent obtained.

On one occasion, the distillation of the syrup

obtained from the methylation of methyl 3:4-anhydro-

t-deoxy- e^-L-taloside was omitted. Alkaline fission

With sodium methoxide followed by acid hydrolysis and

separation on a cellulose column gave, in addition to

the crystals (B)» the following substances: (1) 2:3:4-

trime thy l-L-rhamnose( 7,3$), Rq, 1.01, indistinguishable
chromatographically from authentic 2:3:4-trimethyl-L-

rhamnose; •+ 22°(c, 1.2 in water) (Purdie and Young

(111) record 25° for 2:3:4-trimethyl-L-rhamncse)
(Pound: OMe, 44.2. Calc, for CgH^gOg, OMe 45.1$ )

(?) 6-Deoxy-3-methyl-L-idose(6.Q5$) which crystallise

spontaneously on removal of the solvent, Rq 0.75,

m.p. 113-114°, +14.4° (c, 2.5 in ethanoi),
-15° constant (c, 1.0 in water).

Pound: C, 46.82; H, 7,95; OMe, 17.2. C7H14Q5 reauir
C, 47.1; H, 7.9; OMe, 17.4$.

Admixture of these crystals with syrupy 6-deoxy-3-

methy1-L-idose (p. 39 ) gave a single spot, Rq 0.75,

on the paper chromatogram with solvent (I) as the
mobile phase.

es
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Characterisation of the crystalline dimethylmes-EUT" "
Anilide formation.

Crystalline dimethyl pentose (B) (O.lg.) dissolv

ed in 6cc. of a solution of re-distilled aniline

(0.55e,c.) in absolute ethanol {10c.c.) containing

drierite (0.2g.) was refluxed at 80° for 6 hours.

Removal of the solvent at room temperature afforded

a syrup which crystallised completely, m.p. 141-142°,

\_«AJ>+ 110°-^-v7°(20hr s.} (c, 0.4 in ethanol)
Pound; e, 60.8? H, 7.5; H, 5.4; OMe, 25.5. C^HgjQ^

0, 62.9; H, 7.9; H, 5.2; Oiie, 25.^.
An X-ray powder photograph of this anilide was taRen

by Dr. C.A. Beevers and compared by him with a similar

photograph, supplied by the Birmingham laboratories,

of a synthetic 2;4-dimethyl-lf-phenyl-rhamnosylaiuine.

The two photographs were pronounced identical.

Bemethylation of crystals (B).

Attempted demethylation with hydrobromic acid

gave only unchanged material in every case. Demsth-

ylation with hydriodic acid was then attempted and

proved successful. The crystals (B) (0.05g.) were

refluxed with freshly distilled hydriodic acid(2c.c.)
tk

at 100 for 10 minutes. The solution was then dil¬

uted with water(l5cc.) and neutralised with silver

carbonate. Removal of silver ions was effected by

Passage of hydrogen sulphide through the solution;

after filtration and removal of excess hydrogen

reouxres
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sulphide 1y aeration, the filtrate was shaken with

small portions of resins (Amberlite 1R-100-H and

1R-4B-QE) for complete clarification. It was then

taken to dryness affording a colourless syrup which,

on heavy spotting, produced on the paper chromatogram

a single spot, Rq. 0.40, identical with that given by

authentic L-rhsmnose.

Oxidation of the crystalline dimethyl sugar(B)
with bromine to the corresponding lactone.

The crystals (B) (O.lg.}, strongly reducing

towards kehling's solution, were dissolved in water

(2c,c.) and "bromine (3e.c.) was added. The solution

was kept at 15° for 96 hours, after which a portion of
'

it had, when freed from "bromine by aeration, no action

on boiling Fehling's solution. The bromine was

removed by aeration and the solution neutralised with

silver carbonate and filtered. The filtrate was

successively shaken with cation and anion exchange

resins (Amberlite lRplOO-1 and 1R-4B-0II) and, after

removal of the resins by filtration, taken to dryness

to give an acid which distilled at 136°(bath temperat¬

ure )/0.01mm, as a colourless syrup(75mg.), 47°
(15mins.) (c, 0.9 in water) unchanged after 70 hours.

Attempts to form a crystalline amide were unsuccessful.

Attempted Fnenylhydrazide Portaati on.

Dime thylrhamnono lac tone (30mg.) was dissolved in

an alcoholic solution of phenylhydrs.zine(0.7g. phenyl-
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hydrazine in 20oc, ethanol) and the solution was heat¬

ed at 85° for two hours under reflux* It was then

further heated on the water-"bath at 80° until a syrup

regained; this appeared to crystallise on storage at

0° and trituration with ether, hut it was not possihl

to obtain a melting point of the crystals.

Formation of Glycoside
_ of the himethyl sugar.

The crystalline dimethyl sugar (B) (0.155g.) was

treated with methanolie hydrogen chloride (I0c,c.j 1%)
until nor^fceducing towards Fehling's solution(4 hours).
After neutralisation with silver carbonate and removal

of the solvent a colourless syrup was obtained (O.lSOg,)

hethylation of the .Dimethyl Glycoside.

The above syrup (O.lSOg.) was subjected to two

msthylations with silver oxide and methyl iodide and

the product distilled at 80-100°(bath temperature^

0,05mm. A colourless, mobile syrup (D) (0.145g.)

was obtained, 1.4421, -17° (c, 1.5 in water).
.

Hirst and Macbeth(ll2) record for methyl 2:3:4-trimeth-

yl-L-rhamnoside (mixture of <=<- and p» forms) hp 1.4423,

\f*jyl5° in water.

0

(Found: GHe, 55.6} calc. for CK>Hg004» 56.2^).
n chromatographic analysis, with solvent (l) as the

eluant and using a phosphoric acid-aniline oxalate

spray, this syrup gave a single spot very slightly
.

faster than that produced by tetramethyl-B-glucose,

obviously corresponding to a fully methylated sugar.
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A mixture of authentic methyl 2x3:4-trimethyl-L-

rhamnoside ana a portion of this syrup produced on

the paper chromatogram, with the above eluant and

spray, a single spot, Rq 1.01.

Hydrolysis of Syrup (D) to the Trimethyl sugar.

Syrup (b) (O.lg.) was hydrolysed with aqueous

sulphuric acid (H.,10c,c.) at 100° until the rotation
r~l,fe° -I n

mas constant, (VP<\~170—> -12 , P. hours). (Authentic
14°

q
px 3 x 4-trixaethyl-L-rhamno se has ). Neutral¬

isation with barium carbonate followed by filtration

and removal of the solvent gave a colourless syrup(ii),

-24° (c, 0.8 in ethanol). (Hirst and li&cbelh,
if

loc. ci t., record 1°% -9° in ethanol for t rime thy1-

h-rhamnose)•

fforsation of the Anilide.

The above syrup (80rag.) was treated with aniline

(0.18cc., in alcohol, 3Gc,c.) at 80° for 7 hours, after

which the mixture was allowed to evaporate in a

desiccator at 15°. Crystals were deposited after

some days. Recry st&llisation from light petroleum-

ether (b.p.40-60°)-alcohol gave colourless crystals

in very poor yield, a.p. 111-112° undepressed on

admixture with 2:3:4-trimethyl-L-rhaianose anilide

(m.p. 111-112°).

Oxidation with Nitric acid of the ffully
Methylated Sugqr lD)I~

Syrup (b) (0.30g.) was dissolved in nitric acid



- 49 -

(5.5c.c.; density 1.4} and the solution gently heated

to 50° over two hours; the temperature was then slow*

sly raised to 90° (112). After 2,5 hours at this

temperature, water (5c.c.) was added and the heating

at 90° continued for a further three hours. At the

end of this period, water was added and the solution

concentrated under diminished pressure almost to

dryness. This process was repeated until, after

several days, all the nitric acid had "been removed

as shown "by testing the distillate for ^ the test
involves reduction of to NOg with zinc dust and
acetic acid; aulphsnilic acid is then diazotised with

the HQg forming a diazonium salt which reacts with -
naphthylamine to give a red dyestuff. A red to

pink colour obtained on testing the distillate with

zinc-acetic acid and sulphgnilic acid-cs*. -naphthylamine

then indicates E"G3 (ns^j. The last traces of water
were finally removed by solution in methanol and

removal of the solvents gave a colourless syrup.

This syrup (G.06g.) was heated at 70° with a

solution of methanolic hydrogen chloride (3.5c,e.;

Q hours). After neutralisation and removal of the

solvent, a colourless syrup (0.055g.) was obtained,
it#

^3,y^sS.6°(c, 0.6 in water) (cf. Hirst and Macbeth(ll2)
\<o'

who record ^\]>-b470 in methanol for L-arabotrimethoxy

glutaric acid dimethyl ester).
The above dimethyl ester (0.055g.) was dissolved

in methanol!c ammonia ©nd the solution kept at 15° for
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72 hours. Removal of the solvent and storage of the

syrup at 0° "brought about partial crystallisation.

♦The crystals had {after tiling, separation and recrya-

tallisation from ethyl acetate) m.p. 230°, alone and

on admixture with &n authentic specimen. This product
I lVC*

had \_°%-t52°(c, 0,5 in ethanol) (cf. Hirst and Macbeth,

who record ^<*^+50.4° in water end. m.p. 230® for I»-

arabotrime thoxyglutardiamide).

It would thus appear that the product of the

nitric acid oxidation of the fully methylated sugar(l>

obtained from the crystalline dimethyl sugar(B) is

Xi— arabotrimsthoxygiutaric acid. This would indicate

that syrup (h) is metliyl Zt3:4~trimethyl-L-rhamnosiue

and the crystals (B) are 2s4-dimethyl-L-rhamnose.

Cnaracterisation of the Residual Syrup (Cj)
after the removal of crystals (B.)

This syrup was chromatographic ally identical with

the crystals(B) and ionophoresis of the two substances

failed to show any difference between them.

Demethylation of the syrup (0.2g.) as for the

crystals gave a colourless syrup, \oT\J>-v4°(c, 2.0 in
,\b*

water) (cf. L-Rhamnose, in water) which on a

paper chromatograw produced a single spot, Rq 0.40,
identical with L-Rharanose,

formation of the Anilide.

A portion of syrup (Ci) (80mg.) was converted intt
f
the anilide according to the method described under



- 51 -

the dimethyl pentose (B); crystals were obtained which,

after recrystallisation from ethyl acetate containing

d little light petroleum (b.p,40-60°) had m.pll41-2°
r

V*}+100®—>-e?°(20hrs.) (c, 0,5 in ethanol)

Conversion to the bully Methylated Sugar,

A portion of syrup (Ci) (0,140g,) was converted

to the glycoside by treatment with methanolic hydrogen

chloride {1,4%) for 4 hours at 75°, A colourless

syrup was obtained which was subjected to two me thy1-
rtions with methyl iodide and silver oxide. Distill ac¬

tion of the resulting syrup at 100°(bath temperature)/
0.1mm, gave a non-reducing syrup (0.0525g.), V>j> 1.4421,

-1G°(c, 0.52 in water) cf. methyl 2:3s4-trimeth-

yl-L-rhamnoside, 1.4425, -15° in water ( ot - (p
mixture) . Hydrolysis to the free sugar with B.

sulphuric acid was complete in £■§• hours. A colourless

syrup, ^*V+ 5°(c, 1.0 in water) was obtained, Rg. 1.01
with solvent (l) as eluant. This was identical with

■

the spot given by synthetic 2«3:4-!brimethyl~L-rhamnose.
Attempts to isolate a crystalline anilide were

unsuccessful,

Synthesis of Authentic Trimetfe 1-L-RhaWtoge,.

L-Rharnnose-HoQ (l.Og.), after dehydration with

benzene and ethanol (6 x 20c.c,) (l:1, v/v), was convert¬

ed into the methyl oC-L-rhamnoside (l.Og.) by treat¬

ment with methanolic hydrogen chloride (2jlj5c.c») a&

W 1
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80° for 40 hours. The rhamnoside was then methylated

by 4 treatments with methyl iodide and silver oxide

and methyl 2» 3:4-trimethyl-L-rhamnosi de (0.92g.) was

obtainedj it had ^ 1,4420,
(Pound: Oile, 55.3; calc. for Qiq&2005 0Ke» 56,3^).

Hydrolysis of the syrup (G.5g,) with aqueous sulphuric

acid (4$ j 20cjc.} until the rotation became constant

j>+30°(c, 2,0 in water? 3 hours)| gave a colourless
r 1 ~

gyrup, Purdie and Young (ill) record c-nd

Hirst and Macbeth (11?.) V\D-t- 25° in water for ?:3:4-

trimethyl-L-rhamnose. Chromatographic analysis of

[this syrup and the syrup JR { -24°) showed &

single spot Rq 1.01 with solvent (I) as the eluani.

2>5-.hichloropheavlhyar$glne Derivatives ox':-

(&) Hh^atose. L-Bhamnose-H20(0.5g.) was added

to ?j5-dichlorophenylhydraair.e (0,5g.) in hot methanol

(5c.c,). The clear solution was evaporated to a sy

on the boiling water-bath, crystals appearing in the I

hot solution, A little ether was added to prevent

the formation of a solid mass. After cooling, the
I

crystals were washed with alcohol and then with ether,

m.p. 170-171°(cf, heuberg and Man41 (119) who record

m.p. 171° for L-rhamnose 2:5-dichlorophenylhydrazone).

(b) Synthe tic 2s 5:4- trime thyl-L-rhamnose (0, 3g, ) was

trer ted with Pt5-dichlorophenylhydi'asine as above, but

only unchanged material was recovered.

(°) O.vfup II. on similar treatment, was recovered

unchanged.
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Attempted 2t 4-cfni tro phenylhydrazone iformation.

2i 3:4-Trimethyl-L-rhamnose(Q,lg») in water(1 ac.)

W£S treated with glacial acetic acid(lc.c,) and 2:4-

dini troplienylhaarazine(0.08g.). The mixture was

heated at 50° for 20 minutes and then stored at 15°

for IS hours, Unreacted materials were the only

products (2s4--dinltrophwaylhydxaainft, m*p. 196°).
This experiment was repeated using L-rh&mnose-

HgO(lg,) ana in this case L-rhgmnono-gj4-dini trophen-
ylhydr*zone(0.9g.) 7,-as obtained, m.p. 163-164° (4

recrystallisati ons from alcohol-ether)» (cf .Dorainguez

(120) who records m.p, 164° for this derivative),

5-hiiaethyl-L-Hhamnose(l07).

methyl 4-toluene-p-sulphonyl- c<-L-rhamnoside
.

(l,25g,) was subjected to three methylations with

methyl iodide and silver oxidef the product(1,20g.),
isolated in the usual way, formed large crystals

.

which, after recrystallisation from warm methanol,
>t°

had m,p, 110-111°, -32° (c, 3.0 in chloroform),
i'ounds C» 52.8} E, 6.4; QMe, 25.6. Calc. for CngBg^S

C, 53.3} E, 6.7} OMe, 25.8$.

Methyl 2« 5-dimethyl-4-toluene-p-sulphonyl ®^-L-

rhamnoside(1.20g.) in methanol(30q,c. ) and water(10c.c,)
was treated with sodium amalgam(10g,}4$) at 35°, with

stirring, for 10 hours. After filtration and extrac¬

tion with chloroform, the extracts were treated with

carbon dioxide for 30 minutes, dried over anhydrous

J
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sodium sulphate arid freed from organic solvents. The

aqueous residue was neutralised with carbon dioxide,

evaporated to dryness and extracted with ether (4 x

X5c,c.). From these operations, methyl 2:3-dimethyl-

©<-I.-rhamnoside(0.5Qg.) was obtained as a syrup,

1.4540, -5° (c, 1,5 in water). This syrup was

hydrolysed with aqueous sulphuric acid (Af,j 25c,c.)
at 100° until the rotation became constant ( -a 38°

6 hours).

(Founds QMe, 31,If Cs H jjjOg require© Oile, 32,3^)•
Treatment of the 2:3-dimethyl-L-rhamnose(0.3g.)

in ethanol(2.5qc,) with freshly distilled aniline

(0.3g.) at 80° for two hours, followed by evaporation

at room temperature, gave a syrup which, on seeding

with a crystal of 2t3-dimethyl-L-rhacinosa anilide,

crystallised and had m.p, 133-140° alone or on admix¬
ture with authentic 2t3-dimethyl-L-rhamnose anilide.

Experiments with FiIter Paper ionophcresig

(a) Following the method of Coneaen and Sta«iex(l21

Whatman Ko.l paper (50cm. long, spotted with the

sugars under examination at a distance of 14cm, from

the top) was dipped, into a buffer solution (borax
solution consisting of 12.403g. boric acid -v-lOOcc. 1
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sodium hydroxide solutioiv/litz'e-Q.l N. sodium hydrox-

:ide solution; 6:4, v/v, so as to produce a pH of 10)

"blotted to remove excess "buffer solution and fixed

onto a rectangular glass frame designed to maintain

the paper stretched horizontally. The ends of the

paper dipped into plastic troughs disposed on either

end of a porcelain uish into which the glass frame

and paper were placed. The plastic troughs were

filled with the electrolyte ("buffer solution) and the

dish with monochlorobenzene (chosen because of its

density which is approximately that of wet paper) •

Care was exercised to maintain the equalised levels

of electrolyte in the troughs "below the level of the

chlorobensene in the dish. After allowing lb minute

for equilibration, & potential of 400 volts was applied
from a rectifier for 4 hours. At the end of this

period, the paper was removed and dried at 15°; the

sugars were revealed by spraying with aniline oxalatet-

glacial acetic acid (5:1,v/v). After a few minutes

heating at 100-110°, the paper was viewed in u.v.

light, in which some of the monose spots have an

intense fluorescence.

illter paper ionophoresis under these conditions

has been used in borate buffer at pH 10 by Foster and

Stacey(l22) to study the migration of simple carbo¬

hydrate derivatives. As an index of ionophoretic

movement the arbitrary term Mq has been suggested(ll4)
where,

%
True distance of migration of a substance
True distance of migration of B-glucose
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"true* distances of migration being those that h&ve

been corrected for movement due to ©lac troondo smo tie

flow 'toy reference to the non-complex-fovmiag 2«3*4i8»j
tetram©tisyl-D-gluco«e• The following % vslues h&va

'been deteminads

Sub»t«r.e© MaM

6»deoasy«5»aiexriji-ju«>idooe (pp. 59,87 ) Q.80
2*aethyl«X»»fueo»0 (p. 88 5 0.33
6-ceoxy-h-idee© (p« 88 } 1*0
2iS»dime:#iyl*L*rfe^ifflsoee (p. 54 ■ 0.02
2j4^dljaex-h^l«xi-rhatanose VP*-45 J 0.04
5>"h»d? )
4-®ethyl»I*-rh®mose (p.40 } 0*88
L-fucose

t _ ^ [ P.88 ) 0.92
(b) An &jr#ar®tMi} similar to that deecrlbod by

r,08ter(l23) woe also employed.

By this method the laonochlorobenssou® i« oispanned.
. . »

with; the ^batman Ko.l paper (6ftca* long) wee

spotted v&tfa ih® sugare* the origin line being drawn

half-wey between the ends. The paper was then

immersed in buffer of piUG ahaost up to ih® origin

line mid then blotted to remove excess buffer? the

second half of the strip waa treated likewise* car©

being taken to achieve two liquid fronts near to and

equidistant from the origin line. Th© moist strip
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•was then inserted between two glass -plates and these

were clamped on to a metal cooling plate (consisting
of a sheet of tinned iron on to which a copper tube

was soldered in a meandering patternt a flow of cold

water through this tube affording efficient cooling).
With this apparatus relatively high voltages (750-
1000 volts) were used. The ends of the paper strip

dipped into the buffer solution as in the previous

arrangement; on termination of the i©no phoresis the

paper was dried end developed as before.

By means of this high voltage ionophoresis no

difference could be detected between 2:5- and 2:4-

dimethyl-L-rhaxanose. They were both found to have

Mo 0.25| nc distinction was afforded between crystal
line and syrupy 2:4-dimethyl-L-rhamnose which both

had Mq 0,25 (potential of 1000 volts). The following

% values have been determined using this hlgh-vdlt&ge
methods

Substance M
G

2:3-dimethyl-L-rhamnose 0,25

2:4-dimethyi-L-rh^anoss 0,25

3:4-dimethyl-L-rhamnose 0,34
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UloCuooIOb.

Crystalline anhydrous rhamnose (m.p.122-126°) wi

ohtained "by 51 sher(HQ) "by repeated heating of the

uonohydrate on a water-hath and crystallisation from

acetone; this product was almost entirely the ^-fora
of the sugar. Purdie and Young(lll) attempted the

dehydration hy heating rh&mnose-HgO for long periods
under the conditions used to dry a sample before anal¬

ysis; they found dehydration "by these means to "be

incomplete, a rise in m.p. from 86-88° to 105° shoeing

that the change had occurred, to a considerable

extent., These authors were more successful when they

brought rhamnose-HgO into solution by prolonged boil-
ting with 50 times its weight of dry acetone contain¬

ing 9 parts of ethanol: on cooling, p-rhasmoee,
m.p. 12.2-124, was obtained. Efficient dehydration

of the monohydrate was achieved ir this work by

bringing it into solution by heating with a mixture

of ethanol and tensene(111); six treatments afforded

the anhydrous sugar, m.p, 120°.

Methyl c*-L-rh ©mho side was obtained crystalline

by two methods. Heating at reflux temperature with

0,25$ methanol!c hydrogen chloride solution until

non-reducing gave the glycoside in good yield (90-95^)
but the reaction required ah average of 40 hours for

completion^ also, it was necessary repeatedly to

extract the silver salts resulting from neutralisation
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of tlxs aeid solution with silver carbonate and contam¬

ination with Ag+ could not always "be avoided. An

■■ Iterative procedure employed involved the heating

at reflux temperature of anhydrous rhswnoae in dry

methanolie solution in the presence of an equal weight

Of cation exchanger (Azaberli te Resin 1R-100-B). by

tiii e method the time necessary for the methanoiic

solution to become non-reducing was reduced to 6-8

hours and neutralisation with the attendant Ag"1" cont¬

amination was avoided. On the other hand, yields

(75-8C$) were not as good as with the former method

in spite of exhaustive washing of the resin, .Also,

for larger quantities of sugar, correspondingly large

amounts of cation exchanger were required, when acid¬

ity developed rendering neutralisation again necessary

&t the end of the operation. As a rule, therefore,

the resin method was reserved for the formation of

glycosides of relatively small quantities (not exceed¬

ing 3g.) of sugar©, the methanoiic hydrogen chloride

procedure being employed in other instances.

The condensation of the rhsmnoside with acetone

took place with the two cla-aituated hydroxy! groups

at carbon atoms 2 and 3, and methyl 2: 5-isopropylidene-

u-L-rhamnooide was obtained. for effective conden¬

sation it was necessary to employ freshly dehydrated

siUd finely divided copper sulphate, vigorous shaking

for 120 hours being desirable.

Treatment of the above compound with toluene-jg-
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f"sulphonyl cuioride could only have resulted in substl

juticn in position O4 and, as the reaction was carried
out in pyridine, the hydrogen chloride liberated dur¬

ing this substitution was consumed as the stable

Pyridine hydrochloride. As the methyl 2« 3-isopropyl! -

dene-4-toluene-jg-sulphonyl- o^-L-rhasmoeide was cryst¬

alline, maximum purity of this derivative could be

obtained* hethanolic hydrogen chloride(3^) was found

to be the best reagent for removal of the i so propyl! d-

ene group and methyl 4-toluene-jg-sulphonyl- c< -i»-

rhawnoside was obtained as an acetone-free, non-

feducing syrup,

The removal of the to lueae-jj-sulphonyl group

by the addition of the exact quantity of sodium

hydroxide was achieved by the use of phenolphthalein

indicatorj crystalline sodium toiuens-p-sulphonate

was deposited and the resultant anhydro derivative

was extracted from the crystalline deposit with

ethyl acetate.

Earlier work(23) on the removal of toluene-jg-

oulphenyl groups from sugars has proved that this will

take place with ease if there is m adjacent free

hydroxy1 group in the tree»- position relative to the

toluene-j-sulphonyl group, with the formation of an

ethylene oxide-ring between the carbon atom which

carried the trang- situated hydroxy1 group and the

carbon atom carrying the toluens-p-sulphonyl group,

Walden inversion taking place on the latter. Methyl
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4-toluene-p~sulphonyl ot -L-rhamnoside has a trans-
situated free hydroxy1 group on carbon atom 3 and

removal of the OTs" anion caused inversion on carbon

atom 4 and the formation of an ethylene oxide ring

between C3 and C4. Removal of the solvent from the
ethyl acetate extracts followed by recrystallisati on

from light petroleum (b.p.40-60°) gave methyl 3i4-

anhydro-6-deoxy- c< -L-taloside as apure crystalline
substance.

Fission of the ethylene oxide ring can take

place in two ways and, depending on which oxygen

bridge breaks, a 6-deoxymannoside (rhamnoside) or a

6-deoxyiaoside derivative is obtained. Hydrolysis
with potassium hydroxide followed by acid hydrolysis
of the glycosidic group gave a syrup which showed on

the paper chromatogram both 6-deoxy-L-m&nnose (L-
rhamnose) and 6-deoxy-L-idose. Hydrolysis with
barium hydroxide followed by acid hydrolysis gave

Chiefly 6-deoxy-L-mannose with only a trace of 6-

deoxy-L-idose, as did also direct acid hydrolysis of
the anhydro compound. Crystalline 8-deoxy-L-mannose

was in fact isolated from the last two hydrolyses.

This agrees with the result of lltlller(42) who obtain
ed both D*-glucose and JD-gulose by the action of acid
on methyl-3:4-anhydro- ^ -D-galactoside.

When sodium methoxide is used to cleave the

epoxide ring, then, in all the examples previously
studied, fission is followed by the attachment of th
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\
-OMe radical to one of the carbon atoms, Walden

inversion occurring at the point of entry of this

group. With sodium methoxide on methyl 3i4-anhyd.ro-

b-deoxy- trfLoaide, if the c^rbon-oxygcn bond

nearer the glycosidic methoxyl breahs, then methyl

6-deoxy-3-xaethyl-L-idoside would be obtained, while

fission at the bond further from the glycosidic meth¬

oxyl would give rise to methyl 6-deoxy-4-methyl-L-

mannoside (methyl 4-methyl-L-rhamnoside). Experimen¬

tally both these derivatives were isolated as the free

sugars after acid hydrolysis, the former in 45.8^

yield and the latter in 33.5$ yield. In subsequent

preparations, by altering the conditions slightly,

the proportions of these two derivatives varied, but

in every experiment the 6-deoxy-L-idoside was obtained

in the larger quantity. Small quantities of the

methylglycosides of rhaonose and 6-deoxy-L-ido se were

also obtained and isolated as the free sugars.

Percival and 2obrist(39) also recorded the isolation

of small amounts of free xylose and arabinose from

the sodium methoEide fission of methyJyfej3-anhydro-D-
lyxoside and so far as the author is aware, this is

the only published record of complete analysis of the

fission products.

After fission with sodium methoxide the product

was hydrolysed to the free sugar with aqueous sulphur¬

ic acid and the sugars separated by passage through a

cellulose column, the resultant syrups being purified
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by dissolution in water and treatment with decolouris¬

ing charcoal and filtereal. The 6-deoxy-3-methyl-L-
\t>°

idose was obtained as a colourless syrup, fcl,, -14°,
which analysed correctly for a 6-deoxy monomethyl

hexose and was chromatographically identical with a
><.*

syrup which also had -14° and was obtained from
6-dtfoy^

the scission products of methyl 2 s3-anhydro- c* -L-
t

taloside(p.87 Both syrups were characterised by

the isolation of an identical crystalline anilide,

6-deoxy-3-methyl-K-phenyl-L-idosylamine, m.p.6G° alone

and on admixture. The same crystalline phenylosazone

was also prepared from both these syrups. The only

derivative which could be obtained directly from the

fission of both methyl 3s4-anhydro- and methyl 2s 3-
6-deoxy

anhydro^L-taloside is methyl 6-deoxy-3-methyl-L-idoside.

Methyl 3:4-anhydro-
6-deoxy-<x-L-taloside.

HO

OCH,

Methyl 2:3-anhydro-
6-deoxy-ot-L-taloside.

en.

N >H,oh

OH

4-Methyl-L-rhamnose.

ch3

\OCH»
>h,oh

OH

6-Deoxy-3-methyl-
L-idose.
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A small quantity of crystalline 6-deoxy-3-methyl

L-idose was attained in one experiment from the sod-

ium methoxide fission of methyl 3*4-snhydro-o-deoxy-

£-methyl- ot -L-taloside due to incomplete methyls,ti on

of the anhydro compound. This substance analysed

correctly from a 6-deoxy-monomethyl hexose and had

the same Rq. in solvent (I) and the same rotation in
water as the syrupy product; the rotation in ethanol

was of the same magnitude "but opposite in sign.

The 6-deoxy-4-methyl-L-mannose (4-methyl-L-rham-

nose) was isolated as a syrup which crystallised

completely. He constants agreed well with those

recorded for 4-methyl-L-rhamnose and the addition of

a crystal of it to syrupy 4-methyl-L-rhamnose, pre¬

pared by the methylation of methyl 2i5-isopropylidene

c^-L-rhamooside followed by the removal of the iso

propylidene and glycosidic groups, Caused complete

crystallisation to take place.

The isolation of both possible fission products

from methyl 3:4-anhydro-6-deoxy-L-tsloside is in

direct conformity with the results of Peat and Wiggins

(24); these authors obtained from methyl 3:4-anhydro-
2i 6-dimethyl-j3-D-ailoside on alkaline hydrolysis with
sodium methoxide a mixture of methyl 2»3i6-trimethyl-

j^-D-glucoside and methyl 2»4»6-trimethyl-^-I)-gulosi
in the proportions of 2*1; it does not, however,

support the statement of Bose et al«( 103) that "the

opening of the 3»4-epoxide ring seems to follow the
rule that the hydroxy! group at position 4 must be

de
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trans to the "bulky primary hydroxy1 group". It may

well "be, however, that the «CiIs group which, in the
present experiments, has replaced the primary hydrox-

yl gfoup, has less influence on the scission of the

epoxide ring.

Due to its sensitivity towards changes in pH,

methyl 3; 4-anhydro-6-deoxy- ck -1-1al osi de was methyl¬

ated with methyl iodide and silver oxide(Purdie).

The extent of the methyi&tion was followed by micro-

Zeisel determinations of methoxyl after each methyl-

ation. After four methylations the methoxyl content

bad reached a constant value and methyl 3:4-anhydro-

6-deoxy-2-methyl--L-talaside was isolated as a

colourless mobile syrup,

Mission of the epoxide ring in this ?.-methyl

derivative with sodium methoxide could give, depend¬

ing on which oxygen bond breaks, methyl 6-deoxy-2io»

diiaethyl-L-idoside or methyl 6-deoxy~2:4-dimethyl-L-

msnnoside (methyl 2:4-dimethyl-L-rhamnoside). In

practice, a single deoxydimethyl hexoside (with
traces of contaminating trimethyl sugar) was obtain-

sed. After hydrolysis with aqueous sulphuric acid,

a colourless syrup was obtained which partly crystal¬

lised. After removal of the crystals (B) (37$) the

mother liquors were purified by elution through a

cellulose column and a further yield of crystals (B)

(50$ of the mother liquors) was obtained, and in one

experiment complete crystallisation took place.
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Comparison of X-ray powder photographs of crystals{£)
and of dimethyl rhamnose supplied "by Dr. P.W. Kent

and pronounced "by him to he different.
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The crystals (B) analysed, correctly for a 6-

deoxy-dimethyl hexose and on demethylation gave a

syrup which on chromatographic analysis revealed only

L-rhamnose. The crystals would therefore appear to

he 6-deoxy-2:4-dimeth23f.L-mannose (2»4-di.methyl-L-

rhamnose). However, a private communication

(unpublished work) from Sr. P.W. Kent informed the

author that he had isolated a crystalline dimethyl-

rhamnose from natural sources which he considered to

he the 2i4-dimethyl derivative and, although his

substance was chromatographic ally identical with the

crystals (B), X-ray powder photographs showed the

two substances to be different.

Experiments were carried out to characterise

crystals (B): a crystalline anilide was isolated

which analysed correctly for a 6-deoxy-dimethyi-H-

phenyl hexosyl-amine. Lactone formation gave a

syrupy cT-lactone which failed to yield a crystal¬

line amide or phenylhydraside. Glycoside formation

followed by complete methylation gave a syrupy methyl

. Q-deoxytrimethyl hexoside (l>) chromatographic ally

identical with methyl 2:2:4-trimethyl-L-rhamnoside}

moreover, the specific rotation of (D) agreed with

that reported by Hirst and Hacbeth(112) for an ^
mixture of methyl 2:5:4-trizaethyl L-rhamnosides.

Hydrolysis with acid, however, gave a trime thy1 sugar

whose final rotation in water v/as slightly negative,
f" Q

in contrast to the value of + 27 recorded for
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2 s 3:4-trimethyl-L-rhamnose. Anilide formation gave

a poor yield of the crystal line'anilide, m.p. 112°
alone or on admixture with 2s 5s 4-trime thyl-E-phenyl-

rhamnosylamine. Oxidation of the trimsthyl sugar

with nitric acid followed "by ester and amide formation

gave a partly crystalline syrup. The rotation of

this syrup was vesry similar to that recorded for 1-

arahotriiaethoxvfflutaric acid di amide, and the

crystals of the amide when freed from syrup had m.p.

230° alone and on admixture with authentic L-ai'abo

trimethoxyglut&ric diamide. Had the 6-deoxy-

dimethylhexoside (B) been the second possible deriva¬

tive from ring fission, namely methyl 6-deoxy-2s3-

dimethyl-L-idose, then glycoside formation and complete

methylation followed by nitric acid oxidation would

yield inactive xy1otrimethsx? ;lutaric acid.

►h,oh MWO> y

cook

COOH

OCX. och, OCW i OCH-

2:3:4-Trirae thyl-L-
Rhamnose. L-Arabotrimethoxyglutaric acid

cooh

oiH,
>H,oh ^ OCH,

cooh

CH3o

H OCHj H OCH 3
6-Deoxy-2:3:4:-trimethyl-L- i-Xylotrimethoxyglutanc acid,

idose.

More recently, the Birmingham labor&tories have

carried out a synthesis of 2 s 4« dime thyl-L-rhamnose by



the use of trifluoroacetyl derivatives, a brief

mention of which is made in a recent journal(113), but

no detailed account of this synthesis has appeared so

far. Through the courtesy of Professor Staeey the

author was supplied with the constants of this

synthetic derivative and an X-ray powder photograph

of the anilide. Below is a comparison of crystals

(B) with the Birmingham 214-dime thy1 - rhapno se

Properties 2 %4-Dime thyl-L-
rhamnose cynthes-
sised at
Birmingham*

6-Beoxy dimethyl
hexoside isolated
from methyl 3s4-
aiihydro- 6-de oxy- 2-
me thyl-L-1alo side•

Physical state Hygroscopic
solid,

m.p. 91-92°
Keedles,
m.p. 82°

Specific
rotation -v-7° in

ethanol.
-vl4,5° —^ -3° in
ethanol(24 hours)

Rg 0*87 0.86

Anilide m.p.141-142° ss* p. 141-142°

Anilide
(ethanol)

+ 136°-^-+-4°
(24 hrs.)

+110°-^- 7°
(20 hrs.)

Through the kindness of Br. Beevers m X-ray

powder phonograph of the anilide was taken which

proved to be identical with the photograph from

Birmingham of their anilide.

In view of all the above results it is therefore

concluded that crystals (B) are C-deoxy-2s4-dimethyl-

B-mannose {2:4-dimethyl-L-rhsmnose}•

Since the other possible fission product, 6-deo;xy-
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2* 3-dimethyl-L-i dose, might he present in the mother

liquors syrup (C^) in spite of the chromatographic
identity of this substance with the crystals (B),

experiments were carried out to prove the constitution

of this syrup. A crystalline anilide was prepared

which had m.p.141-142° undepressed on admixture with

the anilide from the crystals (3), hemethylation

experiments gave only rhamnose and glycoside formation

followed by complete me thyla lion afforded a syrup

with constants closely resembling those of methyl

2»3t 4-trimethyl-L-rhasuaoaide and indi etingui shable

from it on chromatographic analysis.

It seems very unlikely that the syrup contains

any 6-deoxy»2s 4-dimethyl-L-idose since very heavy

spotting of the densethylated syrup (C^) failed to
reveal any truce cf the other sugar; furthermore,

it'
the specific rotation of the deaethylated syrup,

-V 6°, is very close to that recorded for L-rhamnose,

Mi,+8°, while 6-deoxy-L-idose has -26°. In
view of the difference in rotation (crystals,

(6*

-V14.5—>- -3° in ethancl; syrup (C^}, iHl, -13° in
ethanol) the most tempting hypothesis is that the

syrup (C^) is a mixture of the oC- -forms and the
crystals represent the (3 - form of 2i 4-dime thy!-L~
rhamnoae.

While in the uruae thylated derivative fission of

both oxygen bridges takes place and the two expected

monomethyl derivatives were isolated, the position of
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a methoxyl residue in position Cs appears to cause a

preferential splitting of the ring:- the oxygen

"bridge further from the inethoxyl group "breaks and the

entering (Me radical attaches itself to carbon atom

4 in a trans- position relative to the CEg group on

carbon atom 5. This is in agreement with the results

of Percival and Zobrist(39) who obtained only 3:5-

diniethyl-B-arabinose from the cleavage with sodium

methoxide of methyl 2:3-anhydro-5-methyl-D-lyxosiae:

Wre-. too, the entering rsdc -.J j tsell"

tf> s> n -,,i-"'ron ato?r, truns*-si tuated v:i th respect to £bs

tjii.fi group ::.lvei.Ay In the molecule.

\w,oh

V
OtHj

Methyl 3:4-anhydro-2- 2:4-Dimethyl-L-rhamnose.
methyl -6-deoxy-co-L-taloside .

Methyl 2:3-anhydro- 3:5-Dimethyl-D-arabinose.
5-me thy1-D-lyxoside.
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It is perhaps also relevant to point out that

in so far as the -CHg group in rhamnose can be comp*

ared with the primary hydroxyl proup, this result

is in agreement with the contention of' Bose et al.

(103) that in the fission of 3;4-anhydro rings the

hydroxy! at O4 must be trans-situated with respect

to the primary hydroxyl group.
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(b) Derivatives from L {•

Of a variety of substances in which L-fucose is

present the best source of this sugar is the genus

Pueaceae of the common brown seaweeds (Ph&eophyceae).

L-Pueose was obtained crystalline from the brown

seaweed Pucus vesioulosua in two ways:

1# by processing the wfaole weed, and

2* by first preparing fucoidin and then

extracting the sugar from this polysaccharide.

1. Preparation of h-Pueose from fucus vesiculosasi

The weed, kindly supplied by the Scottish. Seawec

Research Association, Inveresk# Midlothian, was

collected at Ardbann. ley# Kerrera Sound, in August

1S50, After washing with water and removal of the

large shells, the seaweed was dried on & rack at

25-33° for 48 hours, end gx*ou»d in a Christy and

lorria mill fitted with a 1/64" mesh screen.

The dried end milled weed (10kg.) was soaked in

cold 3/ (w/v) aqueous sulphuric acid (3 litres) for

18 hours. After removal of the acid by Pecantation

and filtration, the seaweed was heated with 2^ (w/v)

aqueous sulphuric acid (8 litres) at 100° for 72 hours.

The 'undissolved material was removed by filtration

and thoroughly washed with water, the washings

(3 litres) bet ng collected and combined with the

filtrate.
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The sulphuric acid in the filtrate was neutral¬

ised to litmus with barium carbonate (150g,)t a few

drops of capryl alcohol being added to control foam¬

ing. The barium salts were removed by filtration

and the clear filtrate was treated with lead acetate

to remove alginates and proteins. After removal of

the precipitate, the excess lead in the filtrate was

eliminated by the cautious addition of the required

amount of 4B# sulphuric acid solution. It was found

that, on an average, 1 c.c, of 4IT, sulphuric acid

solution for each 200 c.c. filtrate was the minimum

volume of acid required. After removal of the last

traces of lead sulphate by filtration, the clear

filtrate was evaporated to about 2,500 c.c,, freed

from precipitated salts and further concentrated

under reduced pressure to 200 c.c.

Warm methanol (1 litre) was added to this solut¬

ion precipitating a granular material which was

removed and washed with three portions, 150 eje, each#

of the same solvent. Ather (600 c,c.) was added to

the methanolic filtrate, more impurities being prec¬

ipitated and removed by centrifugation. These

impurities gave a strongly positive naphthoresorcinol
test indicating the presence of hexuronic acid(s).

The solution was concentrated to lOOc.c., an

equal volume of alcohol was added and the precipitat-
sed impurities were removed. This process was
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repeated until no further precipitation occurred

uitii alcohol• The final clear filtrate wan taken

to dryness giving a syrup (31,5g,}, • 68° (c,

1,5 in water),

An attempt was made at this stage to crystallise

& portion of the fucose, The thick syrup {5g.),
after prolonged drying to reduce the water content,

I
was, dissolved in absolute alcohol (2Gcc,) and the

solution kept at 0°, Parti&l crystallisation

occurred after several days, the fucose obtained

being impure and in poor yield, (c, 2,0

in water). The purity was fudged from the specific

rotation, assuming the equilibrium pure

L~fucose to be -76,0° in water (100),

The thick syrupy crude fucose (26g,) was

dissolved in absolute olcchoX (4dc.c,), glacial acetic
»■

acid (8 drops) and pheoyIhydrasine (6c,c.) were added}
the clear, viscous solution was kept at 0°, crystals

appearing within SOsain. The precipitation of the

phenylhydrasone was complete after 18 hours, a solid

yellow mass being obtained. The latter was filtered

and carefully washed thrice with Sep, portions of

absolute alcohol cooled at 0°, followed by two wash-

sings with Sc.c, portions of ether. The crude phen-
■

jylbydr&sone was badly contaminated, but the repeated

washings yielded 12g, of pure, colourless fucose

phenylhydrasone, Processing of the mo Hier liquors
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afforded further quantities of this derivative, which
were also purified#

The pure phsnylhydrasone (l£g.) was decomposed

by heating at 100° for 3 hours with an equal weight
.

of bengaldehyde in an aqueous alcoholic solution

(75qc. i6Gcj£.) and in the presence of a small quantity

of animal charcoal* after cooling* the feensaldchyde

phenylhydrasone was removed ly filtration through a

thin layer of decolourising charcoal# The filtrate

was extracted thrice with chloroform (lOOcje#) is

order to remove benzoic acid and excess henzaldehyde*

The aqueous layer was concentrated iM vacuo, crystal-

ill ©&ti on beginning fairly quickly and being completed

iy storage at 0° aver ;.-4 hours#,..
'fields e.lg. pure fueose, fck -70#2° (c, 8.0 is

water), m.p. 140-142®.
In the subsequent repeated preparations of fuc-

jose "by the above method, which is essentially that
•: •- \ ' . i? 't .

' ' •

described by Tollens ©t al. (101) as modified by

Clark (102), the recosxuendatione mad® ly Hudson et

al# (100) were adopted. Thus, the seaweed faydroly-

toate was worked up as before but the addition of

lead acetate was omitted. Also, in some experiments,

neutralisation of the sulphuric acid in the hydroly-

teat© was effected by the addition of calcium carbon-

sate followed by the necessary amount of calcium

Hydroxide. - The preliminary cold sulphuric acid
solution washing was sometimes omitted a© it was

found to extract &e much v.® 20% of the fucoss present
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in the seaweed* un the other hand, preliminary cold

acid treatment of the weed removes the hulk of the

saineral matter* which is therefore eliminated before

hydrolysis end does not subsequently contssoinate the

fucose pheaylhydrazcme precipitate* Also* cold acid

extracts most of the ma&Bltol present in the seaweed*

thus rendering the concentrated hydroxy aate less

viscous and the bydr&sone is msre readily filtered

from the mother liquor* It seemed* therefore, on

the balance desirable "to treat the weed with cold acid

before hydrolysis*

The addition of animal charcoal to the neutral!s*

sed hydrolysate considerably lightened the colour of

the latter when allowed to stand for 18 hours*

Representative yields for the preparation of

crystalline L-fucose by processing the whole weed versa

$K8&S tresiculosue {600f*} syrupy fucose (42g.)
crude, badly contaminated fucose piieaylfeydrazone(89g*)
-> per© fucose pfceaylhydrasone(iy-lhg*) —cry stall*

tine L-fuco8e{o-7g,) ai.p.l4G-142 * •70*2° (e, 2*0

in HgO).
s# h-fuqoi^

Xticoidin* a polyfucose ethereal sulphate occur-

a ring as a cell-wall mucilage in all Pb&eophyce&e, was
I
found to be a more suitable source of L-fucoae than

the whole weed. As no especially good source of

fucoiciin exists* 1'ucus vesiculosa* was again employed

because of its ready availability.
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Preparation of Pucoidin,

The dried, milled weed (200 g.) was heated yhth

water (2000 c.c.) at 100° for 8 hours (pH of mixture

5,8) with stirring. Water was used as the extract¬

ing liquid, as with it there is less chance of

degrading the fucoidin "by partial hydrolysis than with

acid. After extraction, the weed residue was centr-

ifuged, washed twice with water (800 o.c, portions)

and discarded. Repeated experiments showed that

more efficient extraction could "be achieved "by

increasing the water:weed ratio, the extraction time,
i

or the number of extractions. As a rule, 2000 cjc.

water were used per 200 g. seaweed, three extractions

of 6-9 hours each being adequate.

The combined centrifugate and washings from the

extraction were evaporated at 50°/20 mm, to dryness

and the brown glass (approx.llG g.) redissolved in

water (1000 cjc.) The solution was treated with

alcohol to 20/ (v/v) concentration, and the brown

precipitate (containing most of the soluble alginate)

discarded. The alcoholic centrifugate was further

treated with alcohol to 60/ (v/v) concentration and

crude fucoidin was centrifuged and isolated as a brou

powder in approx. 50/ yield.

Purification of crude fucoidin.

Crude fucoidin (50 g,) was dissolved in water

(500 c.c.)» 40/ formaldehyde (18 o,c.) added, the

solution evaporated in vacuc at 50°, and the glass
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obtained dried for 6 hours at 50°/i0BEa» Tile glass

was extracted with hot water (lOOQc.c,) and the insol-

suble residue centrifuged, washed with hot water

(30Qc.c, of washings "being collected) and discarded.

The formation of this insoluble residue is due to the

addition of formaldehyde and effects considerable

purification which is, however,, accompanied by an

approx, 20^ loss of fucoidia. The centrifugate and

washings were treated with sodium chloride (3g.), as

a help to coagulation and alcohol was added to 70$

(v/v) concentration, when fucoidin is precipitated,

centxifuged, washed with alcohol and ether, dried and

ground to an almost colourless powder (SGg.}.

Pure fucoidin (2g,) was dissolved in water and

treated a second time with 400 formaldehyde (e#75c.c.|
as above; no insoluble precipitate was obtained

showing the fucoidin prepared as above to be pure.

The latter was recovered unchanged on precipitation

with alcohol.

Preparation of h-ffucose from Pucoidin by the
Ph^ylhydragone procedure. * *

Purified fucoidin (lOg.) was hydrolysed with

0,5H, sulphuric acid solution (400q,c.) at 100° for

4 hours; the hydrolysate was neutralised by passage

through a resin column (Amberlite IR-4B-0H) and the

effluent combined with the aqueous washings (200qc.)
of the resin. Evaporation under reduced pressure at

50° gave a yellow glass which was dissolved in water
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(40c,c.)} alcohol (4G0e,c.) was added, the brown sticky-

precipitate removed by centrifuging and the centrifug-

sate evaporated to a syrupy glass (5g»).
The glass was dissolved in water (6c.c.) and

alcohol (45c,c.), phenylhydrazine (5.5g.), and glacial

acetic acid (lc.c.) added, the solution being kept at

0° for 48 hours. The crystalline fucose phenylhydr-

sazone was removed by filtration, washed twice with

alcohol (lOc,e.) and dried in vacuo over phosphoric

oxide to an off-white solid (2,9g.) (Yield? 45%)(Based
on a fucosp,(C5H10O5) content of 41% in fucoidin),
m*o.168-170°.

The phenylhydrazone was decomposed by suspending

the solid in water (65c.c.), benzaldehyde (1.7g,)

added, and the mixture heated at SO0 for 60 min. with

frequent stirring. After cooling to 0°, the banzai~

sdehyde phenylhydrazone was removed by filtration,

the filtrate extracted thrice ri th chloroform (XOqc,

portions) to remove benzoid acid ana excess benzalde-

shyde and evaporated in vacuo to a pale yellow syrup

(2,05g») * A trace of absolute alcohol was added and
the syrup seeded, when it crystallised quickly.

After 4 days at G° the crystals were filtered, washed

with absolute alcohol and dried (l.5g. )# m,p.132-156°.
The low a.p. shows the fuccse to be contaminated with

mineral matter? moreover the yield from fucoidin is

about 40%.

Preparation of h-Fucose frca Fucoidln
using fern hxchanic Heslng.

Since the most serious loss of yield in the



- m -

above described preparation of fucose is at the
. v» , ..... ♦ ... i

formation of the phenylhydrazone, where about 5Q$> of

the fucose in the hydrolysate is lost, it was attemp¬

ted to crystallise fucose directly from the fucoidin

hydrolysate after removal of salts and the acid with

anion and cation exchange resins.

Purified fuccidin (lOg.) was hydrolysed with

0.5i-i• sulphuric acid solution (SOOc.c.) at 100° for

4 hours, and the solution centrifuged to remove a

small brown precipitate. The pale yellow centri -

ifugate was passed through, a resin column (Amberlite

IH-100-H) to remove cations, and the effluent neut¬

ralised by allowing it to percolate through a second

(larger) resin column (haberlite IR-4B-0H), The

effluent and aqueous washings (lOOGcn.) of the resins
were combined and evaporated under reduced pressure

at 50° to a syrup. The latter was dissolved in

water (4Qc,c.), alcohol (400c,c.) added, and the brown

precipitate removed by centrifuging. Further

impurities were removed by concentrating the centri-

sfugate again to dryness, extracting the residual

syrup with absolute alcohol (lOOc.c.) and centri fuging

from the undissolved material, this process being

repeated until no further precipitation of the syrup

with alcohol occurred. Finally, the solvent was
: ' f ' •' '. - ' ' " *' ■ ' "

evaporated to give a yellow syrup (4,5g.) which was

dissolved in the minimum amount of absolute alcohol,

seeded and the solution kept at 0°, Crystallisation



set in fairly quickly and, after 4 days, the fucose

crystals were filtered, washed twice with alcohol (2c,c.)
and dried ( 5g.).

K^-690 (c, 2.5 in water), m.p. 130-133°.
Although this product was slightly less pure than

that obtained by the phenylhydrazone method, the yield

has been increased fro® an average of 4C> to an

average of from fucoidin).
'

'■# • ' ' ' •'

In all subsequent preparations of L-fucose the
■ v'

sugar was obtained directly fro® hydroiysed pure

fucoidin by means of anion and cation exchange resins.

HecrystsllisatxoK of Pucoae.
:

Some purification (judged by & slight increase
in the optical rotation) was effected, as recommended

by Hudson (loc.cit.) by dissolving the fuccse in the
minimum amount of water, evaporating to dryness,

dissolving the yellow syrup in the minimum amount of
. . f 'fm v.. ,

absolute alcohol and storing at 0°. Crystallisation

occurred at times spontaneously, and at others on

seeding. The washed and dried crystals had XpQ®
-72° (c, 2.2 in water).

The yellow colour of the syrup (and the occasion
al yellowish tinge of the crystals) could be removed

.

by heating the aqueous solution of the syrup with a
.

little charcoal, nitration and evaporation yielded

a coloxirlees syrup which, when treated as above with
'

absolute alcohol, gave colourless crystals of L-

fucose, m.p, 140-142°.
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Methyl oi-h-Fucoside

m'

L-Fucos©(2,40g,) i ifl.p,145°« t>lj> ~?2°(c, 2,02 in

water), was dissolved in dry methanolic hydrogen

chloride solution (90q,c.j 2.&X0 and heated at 70°

under reflux until non-reducing to Ifehling's solution

(4 hours). After cooling, the solution was neutral¬

ised with silver carbonate; the latter was then

removed by filtration and extracted with hot chloro¬

form four times. The combined filtrate and. extracts

were taken to dryness under diminished pressure at

30° affording crystalline methyl <*-L-fucoside(2.01g,)

i&.p. 160-161°, 99* (c, HO in water).

In a second experiment, L~fucose(2,50g,) was

dissolved in dry methanol (30c,c.) and heated under

reflux a#70° in the presence of cation exchange resin

(Aaherlite IH-IQO-H; 3,0g.) until the solution became

non-reducing to FehJLing's solution (10 hours). The

resin was removed by filtration and washed with warm

methanol (6 x 5ac.). Evaporation of the combined

washings and filtrate gave the glycoside(2,Og.},

m.p.159-160°, Wl>-200 (c, 1.6 in water),
■

Methyl 58 4-isoPropylidene-o(-L-fucoside.
.

Methyl <x-L-fucoside( 2,Qg.) was dissolved in

dry acetone(.130c.c.), acetaldehyde (4 drops) and

anhydrous copper sulphate(2Sg,) were added and the

mixture was vigorously shaker for 120 hours, Subsequ

ent treatment as described in the isolation of this
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derivative of rhamnose (p. 33) gave a syrup which

distilled at 95° (hath temperaturej/O.Qlmm. Yields

1.85g.; 1.4Q2li -160°(c, 1.1 in water}.
In a second experiment, methyl <x-L-fucoaide

(2.35g.) gave the 1 sopropyl!dene compound in better

yield(?.5Qg.), distilling at 110-112°(hath temperature)

/O.Q7mm., ^ 1.4530.

Ii.eth.yl 5s4-i3oPropylidene-2-toluene-p-sulphonyl- <*.
L-fucoside.

Methyl >314-i sopro pyli dene- <x-L-fucoside( 3. 22g.)
was dissolved in dry pyridine(30ac.) and finely

powdered toluene-ja-sulphonyl chloride (6g.) was added
in half-gram portions, the solution "being cooled in

ice-water and frequently stirred} it was then kept

at 15° for 40 hours and at So1* for a further 8 hours.

The originally orange colour of the solution increas¬

ingly deepened until it became a dark red, when big
J

crystals of the toluene-^-sulphonyl compound appeared}

large feathery crystals of pyridine hydrochloride

were also deposited. The mixture was poured onto
. v . : ......

crushed ice with stirring, when a crystalline solid
'

-
■ ; . .1 .il; .

was obtained along with an amorphous powder. The

crystals and powder were removed by filtration,

Extraction of the filtrate with chloroform (4 x lOGqc.)

as described on p»32 afforded a further 75mg. of

amorphous powder. Total yields 3.61g. Large crys¬

tals, m.p.200^} small crystals antt amorphous powder.
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16°

m.p.l85-186°(recryst. dry methanol); \j*ls -146°(c,
1.0 in chloroform).

Pound: C, 54.8; H,6.5; OMe, 8.45. Calc. for C-ioHg^O
C, 54.8; H# 6.45; OLe, 8.3^.

^ethyl 2-toluene-p-sulphonyl -h-i'ucoside.

Crystalline methyl 3:4-i sopropylidene-2-toluene-

2-sulphonyl- c*-L-fucoside(5.60g.) dissolved in dry
methanolic hydrogen chloride solution(80cic. ;1^) was

heated at 70° under reflux for 75 minutes. The

solution was then neutralised vdth silver carbonate

and, after filtration, the silver residues were

extracted with alcohol (4 x 25c,c.). The combined

extracts and filtrate were taken to dryness yielding

crystalline methyl 2-toluene-jo-sulphonyl- c<-L-

fucoside(3.31g.), m.p. 159-160°, -85 (c, 1.0 in

chloroform).

Pound: 0,51.45; H, 6.39. Calc. for Ci4H20G7S.
C,50.6; H, 6.02.

^ethyl 3-anhydro-6-deoxy- <x-L-taloside.

Crystalline methyl 2-toluene-j>-sulphonyl-cx-L-

fucoside(3.30g.) was dissolved in ethanol(30o,c.) and

titrated vdth sodium hydroxide solution at 75° until

permanently pink to phenolphthalein(9.00c,c.; 2M.) •

The solution was then allowed to stand at 15° for

18 hours in the presence of a slight excess of alkali.

Large crystals of sodium toluene-j>-sulphonate which
had deposited overnight were removed by filtration
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end the filtrate taken to dryness yielding a crystal-

:line solid admixed with syrup. This product was

extracted with cold, dry ethyl acetate (6 x 25ac.)

and with toiling ethyl acetate(20c,c.); removal of the

solvent from the combined extracts afforded crystallin

methyl 2:3-anliydro-6-deoxy- oc-L-taloside(l.70g.},

m.p.95-97°(reeryst. from ethanol as very light hair-
lb°

like wavy strands), -S8°(c, 2.0 in water).

Pounds 0,52.45; H, 7.31. CnHioO^ requires
0,52.5; H, 7.5

This substance is extremely volatile and very soluble

in methanol, ethanol, acetone, chloroform and

petroleum ether.

Alkaline hydrolysis of methyl 2t 5-anh;ydro-6-deoxy -

pc-L-taloside.

Crystalline methyl 2*3-anhydro-6-deoxy--l-

taloside(0.35g.) was dissolved in dry methanol(55c,c.)

containing metallic sodium(0.35g.) and the solution

was heated at 75-80° under reflux for 19 hours.

Subsequent treatment as described for the fission of

methyl 3:4-9nhydro-6-deoxy-c*-I»-t?loside(p.37 ) gave a
l°®

yellow syrup(0.32g.)» -104°(c, 0.8 in water).

This syrup was hydrolysed at 100° with aqueous sulphur¬

ic acid (l5cp.; AS/o) until the optical rotation became

constant ( -IS? 3 hours). This syrup was neut¬

ralised by being allowed to percolate through a resin

Column (Amberlite 1R-4B-0H). Removal of the solvent

from the effluent gave a colourless syrup (0.21g.)

which, on chromatographic examination (with solvent (t
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as mobile phase) showed two spots. The slower one,

Rq 0.50, was presumed, to "be 2-methyl-L-fucose. The

faster spot, Rq 0.75, Mq 0.80 was identical with thai
produced "by 6-aeoxy-3-methyl-L-idose obtained by a

similar series of operations from the sodium methoxi&e

scission of the anhydro ring of methyl 3:4-anhydro-6-f

deoxy- oc -L-taloside.

Subsequent preparations also gave traces of free

fucose.

Separation by chromatographic adsorption.

The above mixture of sugars(0.20g.) was separated

into its components on a column of powdered cellulose

0.08). The solvent employed for elution was purified

light petroleum ether (b.p.110-120°)-n-butanol

saturated with water (50:50, v/v).

fraction I (0.150gj 75^), a pale yellow syrup,
t—i (fe°

6-deoxy-3-methyl-L-idose, had -14°(c, 0.7 in

water), (Found: Oke, 17.5j C7%4°5 requires QMe,17.4$),
and produced a single spot, % 0.75, on the paper

chroma to graaa using solvent (I) as the mobile phase.

This syrup was mixed with 6-deoxy-3-methyl-L-idose
l£°

( -14°; c, 0.06 in water) obtained from methyl

3:4-anhydro»6-deoxy«oc-L-taloside (p.39) and the

mixture run on a paper chromatogram with the same

eluant as above: a single spot, Rq 0.75, was obtaint¬
ed. These two derivatives, having the same optical

rotation and producing on the paper chroma,to gram the

same single spot, Rq 0.75, also reveeied identical
spots Mq 0.80 on filter paper ionophoresis.
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fraction I (50mg.) on heating in ethanol(10ac.)
•with aniline(0.2cc.) at 80° for 5 hours gave & crystal

J line anilide, m.p.62-3°(recryst. light petroleum,

(b.p.40-60°) undepressed, on admixture with 6-deoxy-3-

methyl-M-phenyl-L-idosylamine, m.p.62-3°(p.39 ),

obtained from the 3s4-enhydro derivative.

Fraction l(6Qmg.) was converted into the phenyl-

osazone according to the method described on p.40 .
-

A crystalline osazone was obtained and had, after

recrystallisation from aqueous ethanol, m.p.122-3°,

Undepressed on admixture with 6-deoxy-3-methyl-N- .

phenyl-L-ido sazone.

Fraction 11(0.030g,;18^), tip -22°(c, 1.0 in

water, Rq 0.50 with solvent (i) as eluant, was

presumed at first to be 2-methyl-L-fucose. However,
■ V

nucleation with synthetic 2-methyl-L-fuco se failed to

induce crystallisation, and a mixture of the two

substances on a paper chromatogram with the same

eluant as above revealed two spots: synthetic 2-
•

methyl-L-fueose, Rg 0.59, and a slightly slower spot,

Rq 0 .50. Paper ionophoresis showed much greater
difference in the mobility of the two substances.

,

£-Methyl-L-fucose had Rq. 0.33, while the syrup from
fraction II had Mq. 1.0, and L-fucose had Mq. 0.92.

Admixture of this fraction with 6-deoxy-L-idose

isolated from the fission products of methyl 3:4-

anhydro-L-taloside and chromatographic analysis of the

mixture showed a single spot, Rq 0.50, with solvent (I)



as eluant.

Recovery from the chromatographic separation* 9Qj&.

synthesis of ;-methyl-L-fucose for comparison.

Methyl 3:4-iso pro pyli dene- c*-L-fucoside(0.27g.)

was methylated four times with methyl iodide and

silver oxide to give a yellow syrup(0.30g.). The

i so pro pyli dene residue was then removed by "boiling

•with dry methanolic hydrogen chloride solution(l^) as

above and the product(0*22g.) was hydrolysed with

aqueous sulphuric acid(l5c.c, $4$) as described "before

(p.86), neutralisation "being effected by percolation

Df the hydrolysate through a resin column (Amberlite
1R-4B-QH). Evaporation of the solvent gave crystal-

t—i'7"
line 2-methyl~L-fucose(0.18g.), m.p.150-152°,

^73°(c, 2.7 in water), producing a single spot, R(j

0.59, on the paper chromatogram with solvent (I) as

eluant.

Methyl 5:4-anhydro-4-methyl- pc-h-taloside.

hue to its sensitivity towards changes in pH,

methyl 2:3-anhydro- cv-L-taloside was methylated with

silver oxide and methyl iodide. The extent of

Inethylation was followed by micro Zeisel determination

of methoxyl content after each methylation. After

four treatments with Purdie's reagents a completely

crystalline product (0.95g. from 1.10g.) was obtainedl.
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■

Kecrystall!sation from acetone*light petroleum
16"

<1, p. 40-60°) gare long needles, aup,106-llG°,

ib,0®(c, 0,7 in ethanolf acetone and chloro

founds C,54,71 H,S,1; o*.e, 35,0, Cale,for Ccdi\ >iQ*
C,55.2| H,8.1; OMe,25.60,

6-deoxy-
Hydrpjy^t qf ,gf$rtnhyfrro«4-aethyl- tx-L-

tolpqide -id th sodium methoxidg^

Cry ataliine methyl 2»3-anhydro-4«-methyl- o<-L-

baloside(O»90g,) dissolved in dry methanol(GOc,c.}

Containing metallic sodiuii(0,8g.) was heated under

reflux at 80° for 19 hours, Tne product was isolated

in described previously for the unmethylated derivat¬

ive^, 3^. A mobile ®yrup(0,?Gg.) was obtained;
.

this was hydrolysed with aqueous sulphuric acid

|ao«O»|40)» neutralisation being effected ty allowing

the hydrolysate to percolate through a resin columnAiaberli te 1R-4B-GH). Removal of the solvent

U^g"forded a reducing syrup (?) (0.41g, )t Y?<\-160(c,
2,4 in methanol)i which showed a single spot, % Q.80»

on the paper chroma tograsa with solvent (I) as elusnt;

(founds Oils,31,8; CgH^gOg requires GMe, 32,20),

characterisation of syrup (1).

(a) heEteth.ylation, Syrup (?) (50mg.) was treated

with hydrlodie acid (ap,g.l,7;2qc.) as described on

p,45 • After deionisation a syrup was obtained

which produced on the paper chrora&tograra a single spot,

Hq 0,21, with solvent (I) a© the elu&nt,
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Indistinguishable from that given by L-fucose.

("b) hethylation. Syrup (P) (O.lg.) was converte

into the glycoside and methylated with Purdie's

reagents; hydrolysis with 4% aqueous sulphuric acid

afforded a syrup which produced on the paper chrom&to

gram a single spot, Rg. 0.95, with solvent (I) as

eluant, corresponding to that obtained from authentic

2:3:4-trime thyl-L-fucose.

(c) Syrup (P) (Q.235g.) was converted into the

glycoside by refluxing with methanol!c hydrogen

chloride solution (24ce.; 2$) until non-reducing

towards Pehling's solution (3 hours). This afforded
16

se syrupy glycoside, \«lx> -50°(c, 1.5 in ethanol). Thi

syrup was methylated with Purdie's reagents (5 treat¬

ments) when the product crystallised spontaneously

on removal of the solvents (0.15g. pure crystals)

m.p. 92-95°, mixed m.p. with authentic (especially

prepared) methyl 2:3:4-trimethyl- <x-L-fucoside (m.p.

94-97°) 91-96°, fcC-200°(c, 1.0 in water). £ cf.
85-92° v

Smitli(116) who records m.p./'and iPSi3>-196°(c, 0.5 in

water) for methyl 2:3:4-trimethyl- tx.-L-fucoside 3.
Pound: 0,54.05; E,9.06; QMe,55.4. CtaHoqOf, requires

0,54.55; H,S.09; OMe,56.3^.

These results indicate a fucose configuration for (P)

Which would then be 2:4-di me thyl-L-fucose.

Synthesis of methyl 2:3:4-trimethyl- c* -L-fucoside
en cl 2:3:4-1rime thy1 L-fucose by direct me thy1-

| a ti on o f me thy 1 <*—L- fuco si de.

L-Pucose(2.0g,) was heated at 70° in dry methan-
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olic hydrogen chloride solution (SOcc.j 2$) until

non-reducing towards Pehling's solution (4 hours)#
.

The methyl <s.-L-fucoside(2.0g.)» m.p.157-158°, was

methylated "by four treatments with methyi^Lodide and
Bilver oxide, a small volume of dry methanol "being

added at the first treatment to effect complete
••

dissolution of the crystals. Removal of the solvents

after the fourth methylation afforded a product which

crystallised spontaneously, methyl 2»3:4-trimethyl- <=<

-L-fucoside(2.01g.), m.p.94-S7°, ^5^-198° (c,l. 5 in water).
Poundj C, 54.18| H,9.20| 0Me,55.1. requires

C, 54.55; H,9.09; 0Me,56.3^.

Methyl 2s 3»4-trimethyl <=* -L-fucoside(50mg.) was

hydrolysed with aqueous sulphuric acid (M.,10c,c.) at

100° for 3 hours giving 2i3j4-trimethyl-Ii-fucose(48mg.)
it*

as a colourless, reducing syrup, \flAo -110°(c, 0.1 in

water). On the paper chromatogram, with solvent (I)
as eluant, this product gave a single spot, Rq 0.95.
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xHSCUfriaiUH.

Crystalline L-fucose was prepared, from jTucus

vesiculosua in the first instance "by processing the

whole weed, according to the method of Tollens et al.

(101) as modified "by Clark(l02) and "by Hudson et al.

(100). The preliminary wash with cold aqueous

sulphuric acid was on the whole deemed necessary since,

in spite of its removing nearly 20$ of the fucose in

the weed, it achieves the useful elimination of the

major portion of inorganic salts, of mannitol and

other soluble matter. The removal of these materials
■

enables a much purer fucose phenylhydrazone to "be

obtained and hence ash-free fucose.

iiore satisfactory yields were obtained by using

the polysaccharide fucoidin as a source of fucose.

The optimum conditions for the extraction of fucoidin

from l\tcus vesiculosus were found to be stirring for

6-9 hours at 80-100° one part (by weight) of the

dried milled weed with ten parts (by volume) of water.

Water as the extracting liquid made it sometimes

difficult to separate the weed residue from the solu-j
:tion, but it was preferred to acid as with the latter

there was greater danger of degrading the fucoidin.

Mi increase in the water-weed ratio, the extraction
'

time and the number of extractions led to slightly

more efficient recovery of fucoidin, but, as a rule,

three extractions as above were found to remove about

i, of the fucoidin present.



- 94 -

.evaporation to dryness of the aqueous extracts,

dissolution in water, and fractional precipitation

•with ethanol at 20ft and 60% (v/v) concentration

afforded crude fucoidin in 50-60$ yield. (The 60$
fraction is crude fucoidin). Pure fucoidin was

obtained by treatment with formaldehyde and separation

from, the resulting insoluble compound. This treat¬

ment entails a 20% loss of fucoidin, but the degree

of purification thereby achieved renders this worthwhile.

Purified fucoidin was employed as a source of

fucose in the greater number of preparations, two

methods being used. Hydrolysis of the polysaccharide

with aqueous sulphuric acid, followed by neutralisation

by percolation through a resin column (/jnberlite

1E-4B-0H), and treatment with phenylhydrazine afforded

fucose phenylhydrasone in 45$ yield, from which, after

decomposition, fucose was obtained in 50$ yield (from

fucoidin). (Based on a 41$ fucose (CgH^gOg) content
of fucoidin).

Ion exchange resins were found to be the best

means of obtaining crystalline fucose directly from

hydrolysed fucoidin, thus avoiding the intermediate

phenylhydrozone step, where the most serious loss of

yield occurs. Hydrolysis of the polysaccharide with

aqueous sulphuric acid followed by deionisation with

successive percolations through resin columns (Ainber-

lite 1R-1G0-H rnd 1R-4B-0H) afforded an effluent which

was purified by ethanol precipitation. L-fucose,
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r-.it*
V«Ai>-70o(c, 2.5 in water) crystallised from an

ethanolic solution in approx. 60% yield. (Based on

a 41£a fucose content in fucoidin).

Using the m.p. and specific rotation values as

criteria it is seen that fucose crystallised directly

from the fucoidin deionised hydrolysate is slightly

less pure than the sugar obtained via the phenylhydra*

aone; this however is compensated lory the increase in

yield from an average of 40^ to ah average of 60^.

derivatives prepared from L-fucose obtained by any of

the above described methods gave equally good analy¬

tical figures and possessed comparable constants.

methyl tx-h-. fucoside was obtained crystalline by

both the methanolie hydrogen chloride and the cation

exchange method. The latter method was extensively

employed for the preparation of glycosides in the

fucose series because of the small quantities available,

Condensation of the fucoside with acetone was

achieved under the same conditions that were found to

be effective for the preparation of the corresponding

rhamnose derivative. In the present instance there

are two cis - situated hydroxyl groups at Cs and C4
and condensation with acetone took place at these

positions, methyl 5:4-»isopropylidene <x-l-fucoside

being obtained.

Since the only remaining free hydroxyl group is

now located at Cgf toluene-jg-sulphonation of the i so
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propylidene compound, can only have resulted in the

production of methyl 3:4-isopropylidene-2-toluene-p-
sulphonyl- <*-L-fu.co side. Large crystals of this

derivative were deposited from the pyridine solution

along with the customary feathery, water-soluble

pyridine hydrochloride crystals, and could he separat¬

ed "before any further treatment of the alkaline solution.

Removal of the i sopropyli dene residue was effect¬

ed "by means of refluxing 1;% methanolic hydrogen

chloride solution, the pure methyl 2-toluene-jj-sulphonyl

oc-L-fucoside "being also obtained crystalline. The

fact that all the intermediates in this series of

reactions were crystalline led to a very high degree

of purity being maintained.

The presence of a free hydroxy! group on C3,
trans-si tuated to the to luene-jn-sulphonyl group at Cg,
made easy removal of this group possible and treatmenl

with sodium methoxide, the calculated volume of aqueous

KM. reagent being added exactly in the presence of

phenolphthalein, resulted in the removal of the

toluene-j>-sulphonyl group with Walden inversion on

Cg and the formation of crystalline methyl 2xS-aniiydro-

G-deoxy- cVL-taloside. This material proved exceed¬

ingly volatile and great care had to be exercised to

prevent its complete loss on removal of solvents. It

was necessary to carry out all extractions and evap¬

orations at room temperature. A further characteris¬

tic of this compound is its crystalline aspect which
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is in the form of vary light wavy filiform strands.

Pis si on of the anhydro-ring was achieved "by

means of the alkaline reagent sodium methoxide and
1* £. * I

this was followed ty hydrolysis with aqueous sulphur-

ic acid. Depending on the side of the oxide ring

breaking, 6-deoxy-3-methyl-L-idcse and 6-deoxy-2-

methyl-L-galactose (2-methyl-L--fueosa) would be

expected to form. In actual fact a single main

product was obtained in 75-80$ yield, and this was

shown to be 6-deoxy-3-methyl-L-idose by direct compa.r-

ison of its constants and those of the derived cryst¬

alline anilide and phenylosazone with those of the

same compound obtained under similar conditions from

methyl 3:4-snhydro-6-deoxy- c<-L-taloside(p. 39) and

of its anilide and osazone. Repeated fissions of

this 2:3-anhydroring failed to yield any other main

product; traces of free L-fucose and up to 15$ of a

substance of intermediate Hq 0.50 were invariably

obtained. The latter compound was at first taken

to be the other possible fission product, 2-methyl-L-

fucose; it failed to crystallise however on nucleat-
ion with authentic 2-methyl-L-fucose (especially

prepared) and a mixture of the two substances analys¬
ed chromatographically showed two distinct spots, R@

0.50 and R$ 0.59. Ionophoresis gave Mg 1.0 and Mq.
0.35 for the two substances, respectively. The

i- n

specific rotation -22° was auite different from
l£°

that of 2-methyl-L-fucose, \oT\t, -73°, but more closely

resembles that of 6-deoxy-L-idooe. Admixture with
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suspected 6-deoxy-L-idose obtained in the L-rhamnoae

series of reactions!p. 3£j gave a single spot on

chromatographic analysis with solvents (I) and (II}
■ 1 4 ' '

as eluants.

It is difficult to understand why no trace of

6-deoxy-2~methyl-L-galactose could be found in the

scission products from the methyl 2i3-anhydroo-L-

taloside as both possible derivatives were isolated

from the fissions of methyl 2i3-anhydro-i)-lyxoside

and of methyl 3:4-anhydro-L-taloside. Gyr and

Keichstein(115) recorded the Isolation of a single

product, 4i 6-benzylidene 3-iaethyl- e<-I)-ido side, in

excellent yield from the action of sodium inethoxide

on methyl 2:3-anhydro-4s 6-benzylidene- c* -I>-1alo side,

and Sorkin and Reichstein(117) obtained methyl 4s6-

benzylidene 2-me thyl- -l)-i do si de as the 30le product

from methyl 2s 3- anhydro«4i 6-benzyli dene cswi-gttloside.

It may well be, however, that the deciding factor in

these last two scissions is the large benzylidene

group attached to carbon atoms 4 and 6,

Methylation wi th Purdie's reagents of the 2s 3-

anhydrotalo side afforded, after four treatments,

crystalline methyl 2 i 3- anhydro -4-rac thyl- c* -L-1aL o si de.

Alkaline scission of the ethylene oxide ring in this

compound was again achieved by means of sodium methox-

ide; hydrolysis of the product with aqueous sulphuric

acid showed that the oxide ring had again suffered

scission in one direction only, as a single spot, Rq

0.80, was obtained on the paper chromatogran with (I)
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as the mobile phase. This product on demethyl&tion

showed after heavy spotting a single spot correspond¬

ing to L-fucose, Rq. 0,21 with solvent (I) as eluant.

The fully methylated glycoside crystallised and had

Constants which agreed with those found for methyl

2:3:4-trimethyl- °<-L-fucoside, prepared for the

purposes of comparison "by direct methylation of methyl

c*-L-fucoside, and also with the constants recorded

"by Smith(ll6). Hydrolysis of a portion of the

crystalline trimethyl glycoside yielded a syrup which

on admixture with authentic 2i3:4-trimsthy1-L-fucose

produced on the paper ehromatogram a single spot, Rq.
0.95, with solvent (i) as the mobile phase. The

product from the alkaline hydrolysis of methyl 2»3-

anhydro-4-methyl- <*-L-fucoside is thus shown to

possess the L-fucose configuration and would therefore

he 2:4-dimethyl-L-fucose (6-deoxy-2i4-dimethyl-L-

galactose) •

The introduction of a methoxyl group in position

O4 appears to have caused a complete reversal of the

fission of the oxygen "bridges in the epoxide ring,

In the unmethylated derivative, methyl 2»3-anhydro-6-

deoxy-L-taloside, it is the oxygen "bridge nearer C4
that "breaks, "but when the hydroxyl group on is

replaced by the -GMe radical then the oxygen bridge

further from C4 breaks. This is analogous with the
±esuits obtained from the methylated methyl 3:4-anhydro-

6-deoxy-L-talosid.e and the analogy extends still

further in that the entering -OMe radical is trans-
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situated to the —CE3 group attached to carbon

atom 5. .

Although the isolation of a 6-deoxy-3-methyl-L-

idose derivative from the unmethylated methyl 2|3-

anhydro-6-deoxy-L-taloside is in conformity with the

views expressed "by Bose et al»(103) that the

predominant product from the scission of the epoxide

ring in 2i 3-anhydrosugars has the entering groups in

the polar conformation* the isolation of a 6-deoxy-
"6-deoxy

dimethyl gslactose from methyl 2:3-enhydro-4-methyl-

Xi-taloside is in direct disagreement, the entering

group being equatorial in conformation.
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(a) Derivatives from L-Rhamnose.

1. Crystalline methyl 3:4-anhydro-6-deoxy- oc -

Xi-taloeids has been synthesised from L-rh&mnose.

Conversion into the glycopyranoside followed by con¬

densation viith acetone and treatment with toluene-j:-

sulphony1 chloride led to the isolation of crystalline

methyl 2s 3-i sopropylidene-4-to Inene-p-sulphonyl c*-L-

rhamnoside. Removal of the i_gopro.pylidene residue

by mild hydrolysis followed "by treatment vdth aqueous

sodium hydroxide gave rise to the anhydrodeoxytaloside.
*

2, Fission of the ethylene oxide ring in the

above 3*4-ahhydro-6-deoxytaloside with sodium methox-
• f-

ide followed by acid hydrolysi a afforded both possible

scission products, namely 6-deoxy-4~methyl»L-mannose

{4-as thy1-L* rhetmoB®} and 6*deoxy - 3-me thyl-L-i do a e.

The deoxymsnnoee derivative was crystalline and was

identified by comparison of its constants with those

recorded in the literature{109} for 4-siethyl-L-

rhamnose. The second product was shown to be the

deoxyldosd derivative since m identical compound

resulted from the alkaline scission of methyl 2t3-

anhydro-6-deoxy-oc-L-taloside; this derivative was
■

further characterised by the isolation of & crystal¬

line anilide and & crystalline phenylosazone.
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3. L-Rhamno se was the only product which could

"be identified with certainty from the fission of the

anhydro ring with mineral acid or with "barium

hydroxide.

4. Methylation of the anhydrodeoxytaloside

(afforded methyl St4-anhydro-6-deoxy-2-methyl- oc-l-

taloside as an uncryatsi llsa'bla syrup, the constants

of which are recorded.

5. Mission of the ethylene oxide ring in the

methylated anhydrodeoxytaloside by means of sodium

methoxide occurred in one direction only, a single

scission product "being isolated after acid hydrolysis.

This product was shown to be 2t4-dimethyl-L-rhamnose

by demethyiation to h-rh&mnose; "by the isolation of

a crystalline anillde, an X-ray powder photograph of

which is identical with an X-ray powder photograph of

El 4- dime thyl-H-pheny1-L- rhamno ey 1 amine j and "by

conversion into the fully methylated glycoside, nitric

acid oxidation of which afforded a trimethoxygiutaric

acid, shown to have the h-arabo- configuration by the

isolation of crystalline L*arabotrimethoxyglntaric

diamide from the dimethyl ester of the acid.

iSL_ .Derivatives from i.-gucose«.

1. Crystalline methyl 2:3-anhydro-6-deoxy-

taloside has been synthesised from crystalline methyl

3 s 4-1 so'pro pyli dene- 2-toluene -jg- sulphonyl cm -L- faco si de

by a, route parallel to that followed in the L-rhaaaaose



series.

2m Mission of the ethylene oxide ring in the

above 2:3-anhyd?o-6-deoxytaloaide followed hy acid

hydrolysis afforded only 6-dooxy-3-methyl-l«idoee,

sinee this product proved in every respect identical

-with the decayido36 derivative obtained from the

alkaline hydrolysis of methyl 3»4-®»hydro-6-deoxy-c*-

L-talcalde. It was further characterised "by the

isolation of the same crystalline anilide and

phenylosazone.

3. kethylation of the 2» 3-anhydrodeoxytaloside

afforded crystalline methyl 213-aahydro-S-deoay-4-

methyl- c*-L-talc side, the constants and properties of

which are recorded.

4. Fission of the ethylene oxide ring in this

methylated 2:3-snhydro-S-deoxytaloside, followed by

acid hydrolysis* afforded a single scission product:

2:4-dimethyl-i-fucose, which was characterised "by

conversion into the fully methylated crystalline

glycoside. This analysed correctly for a methyl

trimethyl-deoxyhexoside and had the same constants as

synthetic methyl 2:3:4-trimethyl-cx -L-fucoside

(prepared directly from L-fucose) and agreed with the

constants recorded in the literature(ll6) for methyl

2:3:4-trimethyl~ c^-L-fucoside.
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P A A T II.

The preparation of dldeoxy~&erivatlTee_-*ff
the treatment of ethylene oxide ring
compounds wi~th lithium elurnlniuat hydride,

I^ThO-UbCTIOh.

Of all deoxy-sugars the naturally occurring 2-

deoxy-sugars, found in thymonucleic acids and in the

cardiac glycosides have received the greatest attent¬

ion. Until 1944 only Fischer's glycal method(61)
was known for the synthesis of such substances. This

involves the reduction of an acetyl glycosyl hslide

("acetobromo*) derivative to a glycalj D-glucose was

the first sugar to he converted, through the inter-

jiaedi ate D-glucal(61,62, 63) into 2-deoxy-D-glucose

(63,64,65).
This valuable method has, in most cases, led to

the synthesis of the desired product and excellent

yields were obtained in the preparation of triacetyl,

glucal (61,66,67) | of di acetyl rhamnsl (63,68,70)* and

of diacetyl ©rabinal (69), The deacetylation of these

ucetylglycals may be effected by means of aqueous

baritua hydroxide, but more easily crystalii sable

products result from deacetylation with ammonia in

methanol, alcoholic alkali (e.g. methanol!e barium

hydroxide), or sodium alkoxides. Cleavage of the

double bond of the glycal takes place readily wi tjpi

dilute sulphuric acid and the addition of water is

thought to be preceded by the formation of a sulphate

ester(64), \vhich in turn gives rise with most sugars
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to a crystalline deoxy-derivative. In this way

L"Xh.emnose is converted into crystalline 2-deoxy-L-

rhamnose.
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Iselin and Rsichstein(7G) found that the conver¬

sion of l-rhamosetetraacetate(ll) into acetyl

arhajaaoayl "bromide(III) is "best achieved "by hydrogen

"bromide-acetic acid in the presence of acetic anhyd-

sride; in this way the unwanted formation of L-

rhaJanose triacetate(IV) is minimised. Furthermore,

it is preferable not to isolate the acetylrhamnoeyl
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bromide(UI) but to reduce the hydrogen "bromide -

containing reaction mixture directly at -10° \>dth

copper and sine dust. Under these conditions,
'

cLi&cetyl L-rhamnsl(V) is obtained in about 80$ yield.

£oor yields were however obtained in the synthes

lis by Fischer's method of triacetyl galactal(71) j

of diacetyl 3grl&l(72) i of diacetyl L«fucsl(73) (30$

yield)} and a bad yield(18$) of di acetyl digi toxo»een)

(di&eetyl lj28 6-trideoxy-x)«allose) (74). In some

instances, as in the attempted conversion of 6-deoxy-

ethyl-J)-altrose into the glycai eymaroseen (S-

methyl-l4 2i 6-trideoxy-^-alt rose) (75), this method

fails to yield the desired product.

The importance of certain deoxy-sugars, partic¬

ularly 2-decxy-D-riVo»e, has led to many attempts

to syn thesis© tide sugar easily and in good yield,
dffoxt liac been directed tc improve the Fiachsr '

glycsl method of sycthe si & and also to develop

completely new methods.

An improved giycsl method was evolved by

Perias, Overend, Gt&cey, Toeee and Wiggins (76) for

the synthesis of 2-deoxy-i>- and L-deoay-L-ri bose#

The usual method, which gave & yield of 2-aeoxy-D-

ribose of about 5$, was to treat £-&raiim&l, (obtained

by the standard reactions from D-arabinose) with ice-

cold normal sulphuric acid solution. These workers

found, that if the pure, crystalline ^ -acetyl
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ar&binosyl bromide is isolated first and then reduced

to the 3:4~diacetyl axabinal with zinc dust in 50^

acetic acid solution at -10° in the presence of a few

drops of chloroplatinic acid as a catalyst, the

overall yield of 2-deoxy- p -L-xibose and 2-deoxy-j}-
h-ribo3e could he increased, to 1Oji,

2~heoxy-h-galactose was similarly obtained by

Cverend et al#(77) in satiefaccory yield. These

authors also found that catalytic reduction of 3s4:6~

triacetyl-h-galactal followed by deacetylation gave

li2-dideoxy-i>-galactose which had also been obtained

by catalytic reduction of B-gal&ctal.

Levene and Tipeon(71) and Pigraan and 1 shell(78)

prepared S-deoxy-D-galactose in poor yield by the

original glycal method. The latter workers assumed

that on treatment of h-galactal with dilute sulphuric

acid solution the aeoxy-sugar was formed via an inter-

:mediate ester wnich was hydrolysed when heated with

barium carbonate at 60° for a relatively long period,

Overend et al.(7e) found that 2-deoxy-B-galactose

may be obtained in much improved yield by introducing

rapid neutralisation of the reaction mixture with

b&rium hydroxide at room temperature. Whether a

transient eater is formed is not known, but the latter

authors are rather of the opinion that the process

described by Pigman and Isbe.ll (loc.cit.) as hydroly-

isis by barium carbonate wa3 merely slow heterogeneous
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phase noutraiiaation of sulphuric acid fcy fcariusa

carbonate.

A number of methods designed to supercede the

glycal method have also been developed. ileeher and

3owden(80) showed that when h-aratinose(VI) is treat*

sed with nitrome thane and m aceiylating agent (dodium

acetate) it yieiua l»nitro»X>-^raho*«3:4i5;d-tetra-
: &c e toxyhejfl-en e (VII; mi eh or. reduction gives lj£*

di deoaar-l-ni t ro -I)* arabo-hsxi t:> 1 tetraacetate (Till).

Treatment of this compound with sodium hydroxide

followed by dilute sulphuric acid affords 2-deony»h-

glucose(IA).
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It is to be noted that while any one sugar will give
.

two nitroalcohols when condensed v/ith nitrome thane,

these in turn will give only one acetylated nitro-

solefin since the formation of the double bond

destroys the asymmetry of C2 of the nitroalcohols.
Overend et al.{81) repeated this synthesis using

b-erythrose as starting material and obtained a very

poor yield of 2-&eoxy-j.<-ribose as end-product, This

procedure does not appear to have been exploited
. .... .

further.

Another possibility was examined by Overend arid

0tacey(82)i it is known that, in certain cases,

me thane sulphonyl residues attached to a secondary-

carbon atom may be replaced by an iooine atom by

heating the me thanesulphonate with soar urn iodide in

ace tone (85). If such a reaction were possible with

a 2~me thane sulphonyl derivative of h-arabinose, a 2-

iodo-derivative would be obtained and on reduction

would lead to the formation ox" 2-deoxy-J>»rlbose• All

attempts, however, to effect the exchange reaction

between various 2-me thane sulphonyl derivati ves of li¬

ar&bi nose and sodium iodide were unsuccessful.

The most fruitful, and, therefore, most widely

employed methods for the synthesis of deoxy-sugars

at the present time are those using ethylene oxide

anhydro-sugars. Kent, Stacey and Wiggina(84) found

that cleavage of the ethylene oxide ring in methyl
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2»3-anhydro- |2> -D-ritoside(X) wi th hydrogen "bromide
yielded mainly methyl 5-"bromo-3-deoxy-^ -1)-3Qflosi.de
(XII) together with less than \0$ of methyl 2-bromo»

2-deoxy- ft •>D-aralino3ide(XI) . The latter was then

converted by reduction with Baney nickel into methyl

2-deoxy- ft *>&mribosi de (-arebinoside) (XIII} end the

former by the same treatment gave methyl S-deoxy-^ -
D-riboside {-xyloside) (XIV). The yield of (.XIII)

too small to be of practical value.

-o
0CH-> H

-v

Ho

oW

XI

OC.H - \ OCH.

J:
OH

XIII -XIV

ketnyi 2 ? 3- aahy dro»4»6-benzyli dene - <* -I>-alio side

(XV) had become easily available through the work of

Robertson and Griffitii(54) and of Rlehtmyer and Hudson

(85) and h.A. Prins(86) used this derivative to pre-

spare the h-decay-sugar. Robertson and Griffith had

found that alkaline hydrolysis of this anhydro-compound

with sodium methoxide caused cleavage of the oxygen

bond nearer the glycosidic group and gave mainly

methyl 2-methyl-4s6-»benzylidemf- <^-h-altro8ide(XVI)9



vherea* JPriae on redue ti on «ith Honey aiekti found

that fiuaion occurred at the other oxygou bridge (the
one further from the glycoside group) end he obtain-
sed methyl 5»deexy<» ot»i>»gxueoei<le(XVll)C*aIlo3ide).
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Pougeult and co-workoretQ?) a»d then nosing©*

;olf, uanitt end fslkere(8fe) found that certain

eulphuj>cout©ii»inis compounds# when submitted to

hydregeaolyaie with Honey nickel catalyot, undergo

CleaVng© end the eulphur stem is replaced by two

hydrogen atoms, Jeamloe* Prise <&nd Beieheteia(@9)
m&de uoq of this reaction to aysthetlee S~deoxy»

oug&re, ly treatment of methyl Si 3~anhydro*4i &»

b«neylid®ne» ot-ii-aXioeidetwiTV} with sodium merceptiae

a 2*methyltiiio*deriVfttlve(XVIH) was obtained# from

which by Po.zingo*© reductive deeulphuxieation

procedure the methyl 2»deo>y• ex .iv&i io sd ded x T x) ess

derived.
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Further support for these results was obtained

oy Xaehly and Eelchstein(90) who achieved the isolat¬

ion of the 2-deoxy-sugar{XXI following similar

treatment of methyl 2sS-ehhydro-4s6-benzylidene* ck-U-

guloside(XX).
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Subsequent work by Bolliger end Prins(91) shewed

however that 3-doo;;y-d"rive.tiven ml plat, also be obtaln-

sed by this method. They found that treatment of

methyl 2s 3-attfaydro-4; 6-bo»zylldene-<x -D-mannoside(XX11)
with sodium aiercaptide gave a quantitative yield of



fiie thy1 41S»hensy11 dene» 3-rne thyl thio- ^ *$*«&t ro side
(xxttt) which on hydrogenolyeis with Haney nickel gave

the 3-deoay-derivative (XXIV ).
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similar treat®erit(92) of methyl 2i3-anfcydro»4i6«j
h©oaylid®ae»/^»l>»talo»ide (XXV) JLso gave & 3«
aethylthio*derivativ©,:fxXVT) ahd & s^deoasy- sugar (xxvrr
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These results may he aummarl »ed as follows.

Hydrogen&tion under pressure of methyl gj3»anhydro-
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4:6-benzylidene- -D-hexosides with Raney nickel in

methanol always gives methyl 3-deoxy- -D-hexo sides,

regardless of the spatial configuration. On the

other hand, the same anfcydro-^ -D-sugar's (together
with the p-form recorded above) afford on treatment

with sodium me reap tide either 2- or 3- methyl thio-

e'ihers, according to the spatial arrangement, Here

the scission of the ethylene oxide ring follows the

Same route as when sodium methoxide is the hydroly tic

agent(p.i7, 20) • Gut, Prins and Reichstein(S2) advanc¬

ed the following generalisation to cover these factss

In the D-seriea, the -SMe or -OMe group enters in the

^♦position when the ethylene oxide ring is situated
to the right in the ilscher projection formula of the

sugar, ana in the 3«position if the ring is to the

left. The opposite will hold in the L-series: if

the ethylene oxide ring is on the left, the substit-

uent enters in the 2-positionj if the ring is on the

right, then the -3Me or -QMe group attaches itself to

C3- In comparing the theories advanced to account
for the entry of the substituent {-SEe or -OMe group)

in a particular position, the choice by Reichstein et

al. of the £1 scher projection formulae to illustrate

their generalisation appears unfortunate since no

structural significance attaches to whether the

ethylene oxide ring is situated to the left or to the

right of the sugar chain. The deciding factor
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is rather the position of the anbydro ring relative
to the glyeoai&ic group and the terminal c&rfcca atom

so cam le seen ty the examination of a model#

in the mmt recent v»ork on the synthetic of

deojiy»©ugara lithium aluminium hydride h&e toon

employed as ties cleavage reagent of the ethylene

©aide ring# i>*A» rri»*(©5) weiag the general method©

of ly© tress and Brows (64 3 succeeded in obtaining eatlsa*

tfactory yields of decny«*sug®r© adth this reagent#

Bethyl g|&»©wjydweIi>»%angylH<g>* oc»k<»ciio®ide(i£?)
gave methyl 4| 6<»b0aaylldene*&»&@oxy* <* <»:>8li©aldd( -al
JUVI3D0 194).
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In the ©erne way Hawen©tei» and heic.*©tei»i9b)
converted* amttg1 215» anhydre«*4t 6»lwMBaylid««ie- ©<

guloaideucx) into methyl 4sd-»fe*si©ylidene»2"»deo:Ky•
*8Hp&e^d©-,xxi) fteidaald©) •
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Bose, Chaudhuri and £hattacharyya(l04) cite the

production of deoxyaltrose and deoxyidose derivatives

from the reduction of 2:3-ahhydro sugars with lithium

aluminium hydride as further support for Mrat and

Plattner's rule (|s. 23 ) of polar substitution of the

entering groups.

Allerton and 0verend(96) succeeded in isolating

both possible cleavage products from methyl 2:3-

j&nhydro- -D-riboside(X) with this reagent. The main

product was methyl 3-deoxy-^ -1>-stylo aide (-riboside)
(XIV) together with approximately 14$ of methyl

2-deoxy- ft -£•ri bo si de (- arabi no 8i de) (XXII).

X XEII XIV
By varying the conditions of the lithium alumin¬

ium hydride reduction of methyl 2:3-anhydro-4:6-

di toluene-p- sulphonyl- oc -D-alio si de(XXIX), Toliiger

and Ulrieh(97) found that either methyl 2:6-dideoxy-

oi -A-alio side (methyl c<-D-digit®xoside) (XXX) or i tx.

4-toluene-p-sulphonyl derivative(XXXI) resulted.
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Further work Toy Bolliger and IhtU'kauf (98) showed

that in this reaction, of tne three functional groups

in ( XXIX)- snhydro ring reacts more readily than
the primary toluene-£-sulphonyl group which, in turn,

is more reactive than the secondary toluene-g-sulphon"

jyl group, <

In the present work the action of lithium

aluminium hydride on 3*4- and 2:3-anliydro-derivatives

from 6-aeoxy-L-mannoae and 6-deo3ry-I*-galactose,

respectively, has "been investigated.
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SIPIIILSIS OF DIDhOXY-DhRIVATIVES FROM L-RHAIJIOSE.
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Derivatives from L-Rhamnose and L-ffucose.

'iAu

Reduction witli Lithium Aluminium Hydride ofi

(1) Methyl 3: 4-anhydro-6-deoxy-c^<-L-talosi de.

Crystalline methyl 3:4- anhyaro-6-deoxy-c>c-L-

taloside(2.0g.) in dry ether (I50c.e.) was added

dropwise to a suspension of finely powdered lithium

aluminium hydride(2.Og.) in dry ether(150ac.) contain

ed in a three-necked flask. The suspension of the

reducing agent was kept gently refluxing and well-

stirred; the rate of addition of the ethereal

solution of the anhyd.rotaloside was regulated accord¬

ing to the vigour of the reaction: after the initial

"brisk reaction had subsided, the solution of the

anhydro compound was added more quickly but so that

the addition required 30-45 minutes. The mixture in

the reaction flask was then refluxed with continuous

stirring for 4 hours. At the end of this period the

flask was cooled in ice-water and the excess lithium

aluminium hydride in the mixture destroyed by the

careful addition of water. The strongly alkaline

solution was then acidified (to litmus) with aqueous

2K. sulphuric acid and the whole mixture exhaustively

extracted with cold chloroform (10 x lOOae.). The

dried (sodium sulphate) extracts, after removal of

the solvent, afforded a pale yellow syrup which was

purified by dissolution in water and treatment with

"Hyflo" filtercel• The resultant colourless syrup
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(0.7g.), ^«\J-86°(c, 1.1 in water) was hydrolysed with
aqueous sulphuric acid as required.

A portion of the above syrup(0.11g.) was hydrol-

ysed at 100° with aqueous sulphuric acid(l5c,c.; 4%)
( -86° —*■ -20°, 20 rain, constant). The product,

a colourless syrup, had V^Xp -20°(c, 1.8 in methanol),

-16°(c, 0.73 in water) and produced a single spot, Ho

0.72, on the paper chromatogram with solvent (I) as

the eluant. On repetitions of this work, spotting

of the hydrolysed product showed also faint traces

of a second constituent, RG 0.40, identical with
L-rhamnose.

A portion (35mg.) of the hydrolysed product was

treated with aniline as in previous experiments, but

all attempts to isolate a crystalline anilide were

unsuccessful.

Oaazone ffoiraation.

A portion (O.lg.) of the hydrolysed product was

converted into the phenylosazone by treatment with

phenylhydrazine(0.15c,c.) in water(2c.c.) and glacial

acetic acid (1 drop) for 2 hours at 1000. An oil

which failed to crystallise was isolated. The

experiment was repeated in an atmosphere of carbon

dioxide. After repeated washing and recrystallisat-

ion from aqueous ethanol, an amorphous solid was

obtained which melted below 80°. All attempts to

raise the m.p. were unsuccessful.
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Synthesis of methyl 5s 6-dicleoxy-2s 4-di toluene-p-
sul -phonyl^l- talo si de.

A portion (0.3g.) of the glycoside in dry, pure

pyridine(25c,c.) containing drieri te(10g,), after the

slow addition of finely powdered to luene-jg-sulphonyl

chloride(l.05g.; 3 moles) was allowed to stand at 15°
for 72 hours. At the end of this period, the dark

red solution was poured with stirring onto crushed

ice, when a small quantity of white solid was precip¬

itated. This was removed "by filtration} the

filtrate was extracted with chloroform (4 x 5Gc.c,),

the extracts washed with aqueous sulphuric acid(l:l;
3 x 50qc.) followed hy saturated aqueous sodium hydrog¬

en carbonate (2 x 50c.c.) and by water(50c.c,), The

washed chloroform extracts were dried over anhydrous

sodium sulphate and taken to dryness; a small quan¬

tity of syrup resulted which was poured onto crushed

ice affording a further small quantity of white solid.

The two solids were recxystallised from warm methanol

and had m.p, 95°} they both gave a negative test for

Cl~.

(iTounds S, 13,1} ^g|.l^'26^8'^2 13,6^>)«

(2) hetiryl 5;4-anhydro-6-deoxy-2-methyl- ot-L-talo.side.

Methyl 3*4-anhydro-6-deoxy-2-methyl- c*-L-talo side

(2g,) in dry ether(l50c,c.) was added to lithium alum-

:iniurn hydride(2g.) suspended in dry ether(15Gc,c.) as

described above. The chloroform extracts of the

worked-up mixture yielded on evaporation of the
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solvent a colourless syrup(G.9g.) which had

-83.3°(c, 1.4 in methanol). This (O.lg.) was

hydrolysed with aqueous sulphuric aci d (20 c.c.; 4%) ana

the product, which had \rf\&-12.20(c, 0.9 in methanol),
produced on the paper chromatogram two spots, R^ 0.90
and Rq 0.72 (trace). The residue of the syrup(O.Sg.)
was then hydrolysed as above and the sugars separated

by Passage through a cellulose column, fractionation

being achieved as on p. 381 the following fractions

were collected.

Tubes.

1-24

25 - 38 RQ 0.90
39-43

44 - 60 Rg 0.72

Identification of Fraction Rg 0.90.

This fraction, a colourless syrup (0,305g. after

purification) had feX"14°(c» 3,05 in ~4°
(c, 3.0 in water). (Poundi 0J»e, 19.2; C7H14O4

requires OMe, 19.14^). Demethylation of 45mg. with

hydriodic acid in the usual manner gave a syrup which
on heavy spotting produced on the paper chromatogram

a single spot, RG 0.72, indi stinguisdaable from that
•

, . ■

given by 3*6-dideoxy-L-talose,

iSL Methyl 2:5-anhydro-6-deoxy- cx-L-tgloside.

Methyl 2:3-anhydro-6-deoxy- cy-L-t8loside(0.5g.)
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in dry ether(30c.c,) was reduced with a suspehsion of

lithium aluminium hydride(0.5g.) in dry etner(30c,c.)

as already detailed. Removal of the solvent from

the dried chloroform extracts of the acid aqueous

layer gave a clear, pale yellow syrup (0.15g.).

Chromatographic analysis with 8$ phosphoric &cid-

fjailine oxalate spray revealed one strong spot, RG 1.
and two faint spots, % 0.69 and % 0.30. Hydrolysi
with aqueous sulphuric acid(20c.c.} 4%) at 100° (
1.47 —> -0.22, 60 min. constant), followed by

neutralisation with barium carbonate, filtration and

removal of water under reduced pressure gave a reduc¬

ing syrup(0.11g.) j this produced on the paper

chromatogrsm, with solvent (I) as elusnt, four spots,

RG 0.72, Rg 0.85, Rg 0.50 and RG 0.22, the last three
indicating traces only.

Since the quantity of syrup was too small to

allow separation on a cellulose column, it (O.lg.)
was separated into its constituents on Whatman Ho.3

filter paper, the procedure Being as follows. The

bulk of the syrup was spotted on the central part of

the origin line of the paper, while two spots on

strips 5cm. wide and situated on either side of the

central portion, served for reference.

0,

s
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After the mobile phase (solvent (I) } had

advanced to id. thin one inch of the "bottom of the

chromatogram (2Q hours), the paper was dried. The

two 5cm. strips were then cut off and developed in

the usual manner. Having determined the extent of

movement of the various fractions on the reference

strips, lines were drawn across the corresponding

parts of the central portion of the paper to delineate

the position of each sugar. These strips were then

cut into small pieces and extracted with cold, aqueou

ethsnol (3 x 30c,c.} • After purification and removal
'

of all solvents, the following chromatographic ally

pure fractions were obtained:

(1) syrup(20mg.), % 0.22, indistinguishable from

L-fuco se.

(2) syrup(5mg.), Rq. 0.50, indi stinguish&ble from

6-deoxy-L-ido s e.

(3) sy rup( 50mg. ), % 0.72, -18°(c, C.5 in

methanol), -20°(c, 0.5 in water), indistinguish¬

able from the sugar possessing similar rotations

in water and methanol and producing a single spot

of the seme % 0.72, obtained by the reduction
lithium aluminium hydride of methyl 3:4-anhydro-

-L-talosid e.

(4) syrup(lOmg.), Rq 0.85. The quantity of this
syrup was too small to allow further investigat¬
ions to be made.
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Repetition of this reduction and hydrolysis on a

large# quanti ty( 2.0g.) of methyl 2*3- anhydro-6-deoxy-

c-L-taloside gave a product which on chromatographic

analysis revealed a main constituent, Rq. 0.72,

accompanied "by traces of substances the RG values of
which (Rg 0.22 and Rq 0.50) point to their "being
L-fucose and 6-deoxy-L-idose, respectively. Ho

trace of the faster moving constituent, Rq 0.85, was

obtained. The product(0.65g. after hydrolysis) was

purified by passage through a column of cellulose and

the following fractions were collected.*

Tubes 1 - 130 -

131 - 200 R(j 0.72
201 - 300 unseparated mixture Rq 0.22 and

0.50

. . .
_ . - .. . . v 1 •

Identification of fraction Rq 0.72.

This fraction, a colourless syrup (0.4g. after
P —I y

purification) had L°Oj> -20°(c, 1.2 in methanol). A

portion (0.15g.) was converted into the glycoside by

refluxing at 80° with raethanolic hydrogen chloride

rib(Sc.c.; X;<>) until the rotation became constant ( \j°Q
-20° —> -78°, 10 hours). The non-reducing product,

a colourless syrup, was dissolved in dry pyridine

(20c.c.) toluene-p-sulphonyl chloride (0.35g.» 3 moles)
added in the usual manner and the solution kept at

15° for 72 hours. On pouring onto crushed ice a

sticky solid was obtained which, on repeated washing
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with water, solidified and had after recrystallisation

from warm methanol m.p. S4-S50.

j4) ..ethyl. 2: 5-pfihy dro-6-deoxy-4-me thyl- ^Lrl^loside

Crystalline methyl 2:3-enhydro-6-deoxy-4-methyl-

oc-L-tclosi de(l.2g.) in dry ether(lQOac.) was reduced

by lithium aluminium hydride(l.2g.) suspended in dry

ether(lOQac.) according to the usual procedure. Prom

the chloroform extracts a pale yellow syrup(0.65g.)

was obtained and this was hydrolysed with aqueous

sulphuric acid (40c,c.} 4£?) at 100°( <x3>-.1,45 —^-0.40,

30 min. constant). The hydrolysed product, &

colourless reducing syrup (0,60g.) produced on the

paper chromatogram, with solvent (I) as the eluant,

one main elongated spot, Rq. 0.93, accompanied "by
traces of three substances having Rg 0.72, Rg 0.50

and Rq 0.22. This product was purified by passage
through a cellulose column but all attempts to

separate the fraction Rg 0.93 into two components
were unsuccessful, Practionation was achieved as

usual, every tenth tube being analysed cidsomatograph¬

ically vdth solvent (I) as the eluant. The follow¬

ing fractions were collected*

Tubes 1-20

21-35 Rg 0.93
36-60

61-65 RG 0.72 presumed to be 3*6-
dideoxytslose

66-105 Unseparated mixture,
R<j 0.50 and Rg 0.22
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Identification of fraction Rg 0,95.

This f raction(Q,25g.) appeared to "be contaminated

•with waxy material and after purification was reduced
\t>°

to O.lg. It had -38° (c, 1.8 in water), -25°
(c, 1.0 in ethanol). (Found OMe, 18.7; C7H24O4 requires
Ghe, 19.14^) • Careful spotting on a paper chrom&to-

gram and running for 48 hours gave what appeared to

he two partly superimposed spots.

Demethylation with hydriodic acid in the usual

manner afforded a syrup which on heavy spotting

produced on the paper chromatograrn tv?o spots, Rq. 0.65

and Rq 0.35, together with a trace of unchanged
material. 3s S-Dideoasy-L-talose was run as a control

and had Rq, 0.71.

The syrup of Rq 0.93 gave a greenish»purple

colouration in the Dische test.

hische tests.- The procedure employed is that evolved

hy heriaz et al. (125) as amended "by Allerton, Overend

and Stacey(l24). The sugar was dissolved in water

(concentrations recorded below) and the Dische

reagent (4g. diphenylamine in 400cjc. glacial acetic

acid containing llc.c. concentrated sulphuric acid)

(6cjc.) added to it. The solution was heated in a

standard test-tube in a boiling water-bath for 15

minutes; it was then cooled in ice-water for 10

Minutes and the intensity of the colour developed

measured in a "Unicam* photoelectric absorptiometer

at ^ 5800 A. Furfuryl alcohol (Q.02rag./cp.), which
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gives in this reaction the standard "blue colouration

associated with 2-deoxy derivatives, was used for

comparison. 3:6-hideoxy-L-talose prepared from L-

rhaianose and from L-fucose and 3i 6-dideoxy-2~methyl-

L-talose all gave a greenish-blue colouration with th
.

Dische reagent, whilst the diaeoxy-4-methyl-L-talose

gave a greenish-purple colour. The following

measurements were madej

Optical Molecular extina
density tion coefficien

£

Furfury1 alcohol

St 6-hideoxy-L-taloB©
(from rhamnose)

3tS-Dideoxy-L-talose
(from fucose)

St 6-I)ideoxy-2-methyl-L-
talose

at 5800 A

0.45

0.40

0.35

2205

112

110

The furfury! alcohol gave in this test such an

intense blue colouration that a concentration of

0.02g./litre had to be employed. The dideoxy sugars

on the other hand required a concentration of 5-6g./
litre for good development of colour. The following

table summarises these observations.

Furfuryl alcohol 5:6-dideoxy-L-taLoge

1.5mg,/cjc. hardly any colour

3 X 1.5mg./qc. " '

10 x 1.5mg./cjc. v. pale gre

5.4mg./cjc. greenish-blue

1.5mg./e.c. v. dark

0.3mg./cn. dark blue

0.15mg ,/c.c. dark blue

0.02mg,/c.c. blue

It is to be noted that the colour given by

furfuryl alcohol in this test developed within 2

en
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minutes of heating, whilst the colourations produced

"by the dideoxy sugars required the full time of 15

minutes for development. It was also found that

although the intensities of the colourations did not

change for several hours, they deepened appreciably

after 18 hours. The molecular extinction coefficien

was calculated from the formula

6 = Sssdi.ng_x.Mol
conc. in g.
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DI .

The procedure employed for the reduction of

ethylene oxide anhydrosugars -with lithium aluminium

hydride was broadly that of Hystrom and Brown(94) as

applied hy Lythgoe and Trippett(l27). Various

modifications have been introduced by Swiss workers

in this field. Thus, K&uenstein and Reichstein(95)

reflux the reaction mixture for a much shorter period

(10 minutes) and add to the residue in chloroform a

saturated solution of sodium potassium tartrate. In

other cases, tetrahydrofuran is used as the solvent

instead of ether, and ethyl acetate is employed in

conjunction with aqueous Eochelle salt mixture(97).
The conditions recommended by Lythgoe and Trippett

were found to be satisfactory and were adopted

throughout the present work.

As all the anhydrosugars employed in this work

were easily soluble in ether it was unnecessary to

employ the Soxhlet extractor recommended for substances

sparingly soluble in ether(94) or to experiment with
different solvents such as tetrahydrofuran.

Following the procedure employed more recently

by Chanda, Kirst and Percival(lS9), the whole of the
reaction mixture was extracted with cold chloroform

at the end of the reflux period, after the excess

lithium aluminium hydride had been destroyed and the

mixture acidified. In this way the reduced sugar

was obtained in 40-45^ yield, after hydrolysis with
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aqueous sulphuric acid. The deoxy sugars were

difficult to purify as they proved completely soluble

in ethanol, chloroform and butanol-petrol ether,

while their aqueous solutions remained turhid and

could not easily be clarified.

In line with the findings of previous workers in

this field, the reduction appears to afford one only

of the two possible deoxy products. Thus Prins(©3)
obtained methyl 4i6-berizylidene-2-deoxy-ot-D-alloside

(-altroside) from methyl 2i3-anhydro-4:S-bensylidene-

oc-h-alloside; Kauenstein and Reichstein(95) converted

methyl £t 3~anhydro~4: 6-benzylidene- c*-i)-gulo ai de into

the 2-deoxy- oi-D-guloside (-idoside) derivative?

again, Bolliger and Ulrich(©7) obtained methyl 2i 6-

dideoxy- alio side from methyl 2:3-anhydro-4s6-

di toluene-sulphonyl- alio side. Allerton and

0verend(©6) did succeed in isolating both methyl 3-

deoxy- (* -D-xyloside and methyl 2-deoxy- y -D-riboside
(in 14£s yield) from methyl 2s 3-anhydro- ^ -D-xuboside;
in the majority of cases however, the reduction with

lithium aluminium hydride appears to afford one only

of the two possible cleavage products. In the

present work, one only of the expected deoxy sugars

was Isolated in every case, albeit contaminated with

small amounts of other sugars. Thus, from methyl

2:3-and methyl 3i 4-anhydro-6-deoxy-c^-L-taloside a

Single main product, Rq. 0.72, was obtained after

hydrolysis; this is presumed to be 3:6-dideoxy-L-
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talose as this sugar is the only product that could

result from the reduction of "both the 2s3- and the

3:4-anhydrodeoxy talo side.

wo

i, O
\

H
• V

H

]

1
OH

cw,
o
\

H

OCH,

OCHj

H,0H

OH

The products from "both sources had similar
p —f 16* v

optical rotations? L°<ij>-20°(c, 1.8 in methanol),
16°

j-18°(c, 0.5 in methanol); [e<lJ)-160{cl 0.73 in water),
»12o(c, 0.5 in water), respectively. They were

■

indistinguishable chromatographic ally affording a

single spot, % 0.72, with solvent (I) as the eluant,

both alone and on admixture; their solutions had

the same optical densities when these iwsre measured

in the course of a Dische test (see p,129); and they

both afforded the same ditoluene-jo-sulphonyl derivat¬

ive. Attempts to isolate a crystalline anilide and

phenylosazone were unsuccessful.

Prom methyl 3j4-anhydro-6-deoxjr-2-methyl-o< -L-

taloside the main reduction product afforded, after

hydrolysis and separation from contaminating traces,

e single spot, Rq 0.90, on the paper chromatogram
it*

with solvent (I) as the eluant, and had ^pTjY -14°(c,
5.05 in ethanol), -4°(c, 3.0 in water). Mien submit*
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ted. to the hi ache test this syrup gave a blue-green

colour of similar intensity to th&t given by the 3«6-

dideoxy derivative. hemethylation with hydriodic

acid produced a syrup which on the paper chromatogram

with solvent (I) as the eluant was indistinguishable
■

.

from 3: 6-dideoxy-L-talose. These results point to

the reduction product being 3tS-dldeoxy-g-methyl-L-

talose.

Methyl 2 s 5-anhydro-6-deosy-4-methyl—c^-L-talosiae

after reduction and hydrolysis gave a syrup which

appeared to contain two substances of almost identical

Rq. value. In the hische test this product gave rise
.

to a greenisli-purple colouration in contrast with the

greenish-blue colours obtained with the 3s6-dideosy-

taloses. The more obvious conclusion from these

results is that the product is a mixture of 2:6-dideoxy-

and 3s 6-dideoxy-4-methyl~L-talose. If this were so,

demethylation should give 2:6-dideoxy- and 3i6-dideo:sy-

1-talose. Unfortunately chromatographic analysis of

the demethylation syrup, while revealing two substances,

failed to show the presence of 3i 6-dideoxy«L~talGBe.

it is true that one of the spots has an Rq value close

to that of 3*6-dideoxy-L-talose and the fact that it

is slightly slower might be due to the hindering

effect of the other substances present, but in the

opinion of the writer this does not appear likely.

The other constituent of the demethylation syrup, Rq.

0.35, might well be the 2»6~dideosy sugar, but this
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substance has never "been prepared and no constants

are available for comparison.

Since chromatographic separation of the products

obtained from the action of lithium aluminium hydride
oi —

on methyl 2» 3-anhydro-6-deoxy-4-methyl-L-1alo side has

proved impossible, a completely different line of

approach mil be necessary to establish the identity

of these derivatives.

Deriaz et si.(.125) submitted numerous carbohydrate

derivatives to the Disehe test(126) in an attempt to

establish its specificity for 2-deoxyribose. They

proved that the reaction depends upon the conversion

of the 2-deoxypentose under acid conditions into

<d"-hydroxy/£Laevulic aldehyde. This substance

reacts with di phenylamine in the presence of glacial

acetic acid and cone. sulphuric acid and gives rise

to solid complexes some of which tinder acid conditions

give a typical blue colouration and characteristic

absorption band. These workers reached the conclus¬

ion that although certain carbohydrate derivatives

produced colours under these conditions, the tests

for 2-deoxy-ribose were not invalidated. Only those

compounds such as 2*deoxy ribose, arabinal and

fur fury1 alcohol which are convertible into uT -hydroxy-

laevulic aldehyde gave colours of similar optical

density when measured in a Spekker absorptiometry.

Methyl 2-deoxy-dimethyl- r -L-ribopyranoside gave a

much lower value for the molecular extinction eoe£f«
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icient than the above substances, but this is to be

expected as the transformation of this compound into

^-hydroxylaevulic aldehyde would be much more

difficult Inasmuch^ it involves the cleavage of an
ether methyl group.

This work was extended 1ay workers in the

Birmingham 1 s"dg ratori e s (128) to 2- deoxy-h-xylose

which, on treatment with the Sische reagent, gave the

characteristic blue colour. This again was shown to

be due to the formation of uT-hydroxy1 • evulic aldehyd

Bur ther work(l24) on 3~deoxyxylose and 2j3-dideoxy-

ribose showed that these substances also gave blue

colours in the Pische test, but these colours were

weak and not comparable with those obtained from the

2-deoxyderivatives and in these latter experiments it

was often necessary to use higher concentrations of

sugar and to heat for longer periods to obtain the

colour.

The dideoxy derivatives obtained in this work-

gave results comparable with the above. It was necess¬

ary to use higher concentrations, to obtain the blue-

green colour, then was used in the production of the

standard colour from furfuryl alcohol; the values

obtained for the molecular extinction coefficient

for these derivatives appear to be reasonably close

to those recorded for 2; 3-di deoxy-l- ri bo se ( £=1G7)

and for 3-deoxy-L-xylose ( ^ = 126), which is in

agreement with their formulation as 3:6-dideoxy-

hexoses.
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>xy-

Dldeoxy derivatives from L-Rhamnose and L-j?ucose.

1. Reduction of methyl 3:4-anhydro-6-deo:xy-o<.«-lH

taloside with lithium aluminium hydride afforded,

after acid hydrolysis, a single product shown to be

3: G-dideoxy-L-tslose, as sn identical product was

obtained by the reduction of methyl 2; 3- anhydro-6-&eoj

c*.-L-taloside. This reduction product gave a positive

Jische test snd was characterised by the isolation of

crystalline methyl 3»6-dideoxy-2i4-ditoluene-£-sulphonyl-c<-

L-taloside.

2. Reduction of methyl 3t4-anliydro-6-decxy-2»

methyl-c^-L-t&loside afforded, after acid hydrolysis,

3»6-di &eoxy-2-»ethy l-L-t«l©&e which gave a positive

hi ache test and was identified by demethyl&tion to

3:o-dideoay-L-t&Lose.

3. Reduction of methyl 2: S-anhydra-6-&eoxy~c^-L

-taloside, followed by acid hydrolysis, gave only 3s6-

dideoxy-L-taloss; this product had the same Rq. value,

the same rotation, snd afforded the same ditoluene-£-

sulphonyl derivative as the product from the reduction

of methyl 3s 4-anhydro-6-deoxy- oc-L«taloside.

4. Reduction of methyl 2s3-anhyaro«6-deoxy-4-

methyl-o^-L-taloside gave, after acid hydrolysi s, a

syrup which on chromatographic analysis revealed two

substances of almost identical R.ft. value and which

could not be separated.
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