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The elucidation of the problems of cnrbohydrate;
phamiatxy depends on our knowledge of the simplest
Fnits. From these units, the monosaccharides, we
Lan build up a complex molecule to include many of
Whe familiar polysaccharides, Rapid progress has ;
Peen made in the past two decades on the structure of
fnany of these polysaccharidesy Indisputable proof
haa been advanced that these complexes are built up
Pf long chains of monosaccharide residues, united hy
Flycoaidic linkages. The molecules may, by this l
’theory, exist as true chains with two terminal groupsf
pr the units may be linked together to form a 100pe |
Fhe chain may be an unbranched or a highly branched |
Ftructure. In sterch, for exanple, we have two poly-’
nucchuriden- amylose, un unbranched chain of o=
glucopyranosc units linked through the 1, 4 ponitionsb
pnd amylopeetin, a hishly bfanched structure made up
Ft x-glucopyranose units linked as in anylose tut
{jwit.h branched side chains joined to the main chain
&hrough the 1, 6 positions. Furthermore, these
#acromolecules mgy be built up of one type of mono=-
étsaccharide, as in starch, or a number of di fferent
hexo:ea, pentoses and 6 -deoxy hexoses may be present
ﬁn a single polysaccharide, Gum arabiec has been
uhown by Smith (1) to contain Learabinose, L—rhamnoae.

b—galactoae, and Deglucuronic 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 Haworth (3) and employeé
by Hirst in his ﬁork on cellulose, starch, glycogen ;
'and inulin (4)., (Gessentielly this work involves thei
' complete methylation and hydrolysis of the polyaagc-£
' sharide, examination and identification of the aeiaa+
' sion products, and isolation of the termingl units of
1the chains, If the polysaccharide is made up of !
' continuous straight chains of hexoses, then a tetras
’:methyl-hexoae is obteined from the non-reducing endf
?of the chain and the rest of the molecule gives rise
' to trimethylehexosds. On the other hand, a branaheé
%polyaaxcharide will give a tetramethyl~hexose from |
ieadh non-reducing end group of each branch and from

{

jthe non—reducing end group of the main chain, [

iTrimethyl derivatives will arise from unbranched

' portions of the main chain and the branches, while
%dimethyl derivatives will be obtained from the branch
ipoints. If the polysaccharide is made up of pentosi
;zea or 6-deoxy-hexoses, then tri-, di-, and monomethyl
;deriVatives will be isolated from the above portions

' of the molecule respectively. By the identificatio%
Sand characterisation of these scission products a |
‘great deal has been learnt concerning the intimate

' structure of the polyssccharides, Unfortunately,

authentic crystalline derivatives of all the ponsibl?
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fully an? partially methylated derivatives of the
hexoses, pentoses, and 6-deoxy-hexoses have not beeng
fsyntheeised and characteriged, and it has not alwayaé
‘been possible to decide in the scission products of ,
%tﬁgﬁgzigaacehaxide which hydroxyl groups are methyle |
sated and which have been involved in union in the
complex molecule.

The present work, which is concerned with the
i6-—deexy—-augars, has three main gims in views
| 1. The synthesis of new methyl derivastives of
ﬁtheae BUEarsS. %

2, The preparation of ethylene oxide ring
compoundsg from Lerhamnose (6-deoxy-Lemannose) and
from Lefucose (6=deoxy-L-gzlactose) and the identifi{
scation of the products derived therefrom on alkaliné
‘fiasion. : i
| 3. The prepaeratiom of dideoxy derivatives of thd
\eodeoxyasugars by reduction of the ethylene oxide
;ring compounds with lithium gluminium hydride,
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The synthesis and glksline hydrolysis
of ethylene oxide ring compounds Irol Lerhgunose

: gnd from Lefucose,
LBTRODUCTION
Deoxy~sugars are formally derived from ordinary

ésugara by the replacement of a hydroxyl group by a
@3drogen atom, A number of sugars of this kind |
exist in Nature. Thus, 2-deoxy-D-ribose is present
ﬁn many cell nuclei. Deoxy-sugars are common
éconutituentu of nucleic acids, of the cardiac glycoe |
%:aidea and of natural plant glycosides, |
ﬁ The most common deoxy-sugars are the 6~ or w-
ﬁdeoxy~hexoscs. with a terminal methyl group in place
jof the pwima:y alcoholic group., TNaturally occurring
6-deoxy-sugars are 6-deoxy-D-glucose (quinovose, |
Eepirhannose) (5) 6—deoxy~D- and -L-galactose (D= anﬁ
Lefucose) (6), and 6-deoxy-Lemannose (Lwrhamnese)(7){

Congiderable interest attaches to the two last namedj

;ausara as they are both constituents of polysacchar-t
é:ides. and various methylated Lerhgunoses and Le
%fuceses"have been isolated by the hydrolysis of
methylated gums and mucilages, For example, 2:3ide
trimethyl-Lerhamnopyranose has been isolated from the
ihydrolysis products of methylated gum arabic (1) and
jfrom the somatic portion of the cells of Mxéobgpterigg
gﬁuhgggg;gg;g (8); inm both of these polysaccharides |

Lerhgmnopyrenose residues have been found to occupy
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terminal positions inm the molecule, In addition,
&any muecilages such as those from mustard seed '
f(é;ggg&ga_g&hg). cress (Lepidum ggtivum) and plantsin
gseeda contein Lerhaunose. From the mucilages of

%flax seed (9), slippery elm (Ulmus fulvg) (10) and
Wm Forsk (11) an aldobiuromic acid has
beem isolated and identified as 2-D-galactouronosyls |
ﬁmrhamneae, from which 3:d-dime thyl-l-rhamnose is
%btained on methylastion gnd hydrolysis, d=licthyleLe=
%hamncse has been obtained from methylated slippery
%1m wucilage onm hydrolysis (12),

| L-Fucose is the main constituent of the poly-
%aaccharide fucoidin which is found in the cell walls
%f some of the'biown algae (Phaecophyceae), Ielethyl-
Fnd 2i1d=-dimethyl-L-fucopyranose have been isolated
?rom the hydrolysates of methylated fucoidim (13);
ktaz4—trimethyl-Lofucopyranose was obtained as a pro—é
}duet of hydrolysis of methylated gum tragacanth (14)@
gnd L-fucose is also present in ses~urchin eggs (15),
in frog spawn muecin (16) snd in blood group subatanceé
tl?). It has also been found that, frequently
?ssociated with alginic acid, there are polysaccharides
&arived from Lerhamnose residues (18) and from Lefucose
feaiduee (19), respectively. Finally, D-fucose, |
glthough not found as a constituent of polyaaccharida@.
ia a constituent suger in the form of its 3e-methyl |
éther of the digitalis glycosides, such as emicymarin
%nd igo emicymarin,



The chemi etry of the Gedeony-hexoses rescubles
that of the owrdingry sugarsy one of their most anmm
regetions being esterification, end anong some of tM
mogt useful estels prepared are the toluenes p »
sulphonyl(20) and the methenesulphomyl(2l) esters. |
These esters have been particularly well studied wdé
exiibit certdm unique charscteristics which muke them
of importance in synthetiec orgasnic chemistry,. |

It was found by Kemyom end Phillipe(22) that |
alkaline hydrolysis of the toluenes p-sulphonyl reai-é
sdue of an wuvé alcohol yielde an alcohol with a %
.different gign of rotation whereas the hydrolysis °f£
the corresponding scetate affords an aleobol with
unchanged sign of optical rotation, These guthors ’
found that laeve=- (-octancl geve a (> =octanol metatﬁfi
which weo lasvercotatory, while the toluence pnau&pmﬂ-
tate from lgevo-(° ~octanol still had a lgeve rotatiou:g
;raplacmut of the toluene~ pesulphonyl residue by
‘acetyl gave rise to (3 ~octenyl scetate whieh was
dextrorotatory.
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This is considered to be due to the fact that in
each reaction the hydrolysie occurs at a different
fpoint; with the acetates the cleavage tekes place |
between the acyl group amd the oxygen atom (R-O—+—Ach.
whlle for the toluene- RP-sulphonate esters it occurs_

between the alkyl radical and the oxygen bridge

E(R—}-O-Ta). Walden inversion resulting on removal of

the group attacked immedigtely to the ssymmetrie *
bentre. Peat{23) considers that the same type of l
reaetzan oceurs with the toluene- pe~sulphonyl derivaﬂ
stives of sugars, that the sapomification of the {
sulphanic acid invelves g breagk between the aaymmetrzb
carbon atem and its attached ozygen with the format;ob

of a carbonium cation: ;

R Rax .=
\/m(?é—so,_k A R\ <H + 0-50,R

[
A major difference in the behaviour of the tc:o.wne-gI

@ulphonyl derivatives of the sugars and of the simyle
glcohola on hydrolysis is due to the presence and
possible influence of other hydroxyl groups on neigh~§
Qbouring carbon atoms in the sugar chain, The actuai
liberation of the carbomium cation is mot considered
Ro be essential, scisgsicn must however take place
?between the carbon and the ester oxygen and this is
followed by enhydride formatiom. An exchange of
nnions on the carbonium cation cccurs, the toluene—;g+
sulphonyl anion being displaced by a nucleophilic

group provided by e hydroxyl group present in the sugpr



molecule, Proof that the replacing group comes from
#ithin the molecule is given by the treatment of a
pugar toluene- P-sulphonate with sodium methoxide or |
pith potassium acetate(24); in neither example iB
the toluene~ P-sulphbonyl residue replaced by the
external ion (-Oiie or -OAc): a nucleophilic group
plready present in the wmolecule effects the di splace-?
sment with the formation of an ethylene oxide ring,

This may be illustrated as follows:e

o =) o
NaOMe
Sian, —
oTg H oTs ] 3

O

In order for ethylene oxide ring formation to
ftake place a hydroxyl group must be present on a
%xeighbouring carbon atolm, Furthermore, this hydroe |
ixyl group must be itrgnsg-situated with respect to the
toluene~ RBsulphonyl residue, The essential charac-%
ster of this trgng-exchange is vividly brought out by
contrasting the resulte of the action of sodium
methoxide on methyl 4»methaxiesulphonyl- P wDegal geto= |

and -glucopyranosides

CH,0H CH,0H
(o]
Mso u ome N /4
o wo oMo \J"
H OH N
- ‘\n!.ack.o - - %Q"" Co-— W\!k\\'aq. 3:4- 0-»»\'.\&.1@ -

ﬁ-‘.D-cszu\:o\aztahosiAe .
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SIn the D-glucoside the irangesituation of the
‘exchanging anions on Cy and C4 is conducive to anhyd4
‘sride fomation as is shown by the rapid production
iof me thyl 3:4-anhydro-P ~D-galactopyrahoside; on thé

’other hand, neither removal of the methanesulphonyl ,

E(Ha) group nor dehydration is brought about by the

sacticn of scdium methoxide on the P-D«-galactcaide

ruhere the adjecent exchanging anions ere ﬂig#aituateq,
‘in spite of the presence of the same number of free %
ghydroxyls a8 in the Deglucoside, lioreover, a four
hembered anhydro ring is pot formed in the D-galacto-
%zeide al though a irsng-eitusted hydroxyl is available
?on Cs » and a freely rotating one on C¢ apparently
foera no inducement to regetion, Andy, as with

étoluene- P-sulphonyl, so too with the methanesulphonyl

kroup. there is no replacement by the externagl methox

¥

syl ion,

i Ethylene oxide ring formation by the abave
t

mechaniem is an intramolecular reactiom and, as the

kxnhange is effected by trans-disposed groups, the
asymuetric centre would appear to be approached by
khe entering group from the opposite direction to
Ehat occupied by the sulphomic group; ring closure |
hhould then be accompanied by inversion of conf!gura;g
ntion of the carbom atom which originally bore the
diaplaeed anion, This has been verified for all

kaseu where configuraticnal change occurs on an
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agylnetric carbon atom, where the change could be

' followed polarimetrically. it should perhaps be.
euphgsised that configurational change always takes
'place at the asymuetric centre which originally
carried the toluene-} -sulphonyl group and not at the
‘carbon atom which carried the replacing snion. For%
;axample, methyl 3:4:6~tr1aeetyl—(5 ~-D-glucoside 2=
‘toluene~ p -sulphonate(l) on treatment with sodium
methoxide gives methyl 2: 5~anh;rdro-(3 ~Demanno-
pyranoside(II) (26,27). ‘

<, 0t

<H,0AC
.< > N aOMe k >}

b 3

Similarly, methyl 2«toluene- ;;g«ﬁm:t.phranarl!.-».’;:»*—mrJ.a--ii
ifurana‘side(III) gives methyl 2:3-anhydro«D-lyxogide
(IV) (39). ;

|
!

HO- <X, “
N‘&D“e

III Ts H Iv H
Removal of the toluene~ R-sulphonyl group may,
however, give rise to a five-membered butylene oxide
or pentaphan ring, but if the structure of the mole-

scule allows for the formation of an ethylene oxide
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}and a five-membered ring, the ethylene oxide ring
iforms preferentially. l:2-is0 Propylidene-ﬁntoluene
:;' B ~sulphonyl-De-gluco-furanose( V) has free hydroxyl
ggroupa at Cz and Cg and alkaline hydrolysis gives onﬂy
the S5s6-anhydride(VI) (28), but if the hydroxyl group
at Cs is blocked by another ~0T7s group, then the
5:6-anhydr1de(xx) is produeed(zs).

' TSO
\ Ho- CH
i
?
{
i
CMez

H VI
It is to be observed that the formation of 3:6=

anhydro rings, unlike ethylene oxide rings, does not
ii.nvol‘Ve any Walden inversion, but it must be remember~
j{zed that Cg is neiiher pert cf the sugar ring nmor is
éit agymuetri ¢, The formaticn of taree~membered and;
ifive-membered anhydro rings is; therefore, not |
:atrictly comparable,

| Sometimes the ethylene oxide ring underxgoes
%tranaformation into the more stable J:6-gnhydride.
ESeebeck. leyer and Reiehstein(29) foumd that lsZ»ngé
propylidene~-6=-toluene~ P «sulphonyl-D-glucofurancse N
E(VII) gave rise on hydrolysis to the 5Hib6-anhydro-
fderiVative(VIII) which, on storasge in a desiccator,
jwas converted into the 3:6-anhydride(IX).
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If all the hydroxyl groups in the sugar sulphone
sate are substituted by otner radicals, it is very
aifficult to replace the toluene- pe-sulphonyl group.
ffhua, diiso~propylidene~galactopyrancse G-toiuene- )] o
isulphonate and diisepropylidene-glucofuranose 3=
?toluene- p ~sulphonate(30) are hydrolysed with compa.r-;
sative difficulty by alkali, On the other hand,
methyl hexoside 6etoluene p -sulphonates are readily
converted into the methyl 3:6-anhydro-hexosidess It
is significaent in thie conneetion that although the
transformstion of lazsmpropylidene-ﬁz‘stditoluene—n. ;
~sulphonyl-D~glucofurenoge into the 3Z:6-anhydro=-
derivative tekes place easily, ring closure does not
oceur if the toluene- Prsulphonyl residee is on Cjy
:and the hydroxyl group om Cgs In the latter case
hydrolysis is slow and igopropylidene~D-glucofuranose
ie the sole product(3l). |
3:6-Anhydro~derivatives may also be obtained by |
the alkaline hydrolysis of sugar sulphates(32,33, 34).;
If, howevey, the hydroxyl group om Cz is blocked by
methoxyl ion then, if the necessary conditions obtain,
hydrolysis of a G-pulphate will give rige to an
ethylene oxide ring. l:2-igoPropylidene~3-methyle
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glueofuranose Gesulphate(38)(x) om trestsent with
sodium methoxide guve Bib-gnhydvoel:leigopropylidene=
@wﬁethyioglucofurmnaae(XI}.

Ryl

—-C MQ o__CMe’_

4

ﬁlw@m this proved that eugsr mmmw cen Give 1
w1am to ethylene oxide rimg compoundsy as the anlnhaﬂe
Pnﬁ Hot attached %o an asymuetrie centre, the %a&don
ﬁuwawaian 80 charecteristic of the hydwolysis of |
pulp&cn&a suters eould pot Ve obeerved., lowevers

the snelogy between the two kinds of ester was coue
kpl«tad by the isolation of 1:6~2:Bedignbydyoe Beie
telopyranose(36) (XLil) frem liGeanhydro- [”-vé.‘w,sﬂaﬂo?
ipyrenose S-sulphate{iIl), inversion having gcourred |
pa he carion aton whieh formerly eurried the aul»haxp

#xnuv.

Hy—— O

Wo S |

|
H NaOMe {
oH 3
H
| oA
H 050'3'
Xz XIII

o sumugrise, ethyleme oxide wing formation im |
ﬁuaara io av intrsmolesulsy resction brought sbout by



ja_&;ggg—exchanse of anionoid groups on a potential
écarbonium cation, the displseing ion being aniomnoid
oxygen devived from a hydroxyl group by proton-remov#
éal. The fact that aeid hydrolysis of a sugar ester
Eis not known ever to have given rise to an anhydro |
?ring is experimentsl corroboration of this view sinc@,
ﬁif it be correct, it is obvicus that hydrolyeis of a
isugar ester leading to the elimination ¢f the slements
of water can only be accomplished by alkasline reagenta.
If the ester group is situated on Cg and there is a |
;free hydroxyl group on Cg, alkaline hydrolysis will %
Egive rise to a 3:b-anhydroederivative which may be i
preeeded by Bib-ethylene oxide ring formatiom if the
gppropriate conditions obtain,

The behaviour of the ethylene oxide ring and the
Szﬁ-anhydro ring towards hydrolytic reageuts is qulﬁa
different. The normal hydrofuvanel ring is unattaﬁkk
ed by acid or alksli, whereas the ethylene exide ring
;La easily ruptured by both acid and alkeli., It is |
considered moreover that the smze essential wechenism
ﬁa involved in the sciseion of the ring with either |
kype of reagent, We will consider first the effect
%of the slkgline reagent, sodium methoxide,
| The active agent in this case is the methoxyl
anion CHz0™ and here the external ionm becomes part
of the final product, In other words the reaction

is intermclecular in contrast with the hydrelysis of
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?the ester grouping which was intramolecular. The
first step is for a carbonium catiom to be produced
&t one of the carbon centres and the oxygen atom
jbecomes negatively charged,

H— C CHL0™ Hn— C . 3
H— C == C—. H—C—-OH

;'Ehe methoxyl group can then approach the carbonium
j&:ation on the side cpposite from that originglly
;F)ccupied by the ethylene oxide ying, union occurs and3
thia results in a change of comfiguration on the car-
:bon atom which scquires the methoxyl group. There
are. however, tw centres at which snion exchange can‘
occur and depending on which centre develaps cation
Pctiﬂty g0 the fingl produet is different, biuce m
many exzmples bYoth centres become active,; two di:’fer-?
%:ent sugars are produced om aglkaline scission of an :
fathylene oxide ring and both of these are eonfigurat—f
é:ionally different from the ring compound itself,
it‘his can be illustrated best by specific exaupless: |
lethyl 3:4eanhydro-2:6-dimethyl- P eDeplloside{XIV) |
#ives a mixture of methyl 233:6«trimethyl- P -D—gluco-if
ﬁaide(XV) and methyl 2:4:16-trimethyl- ) «D-guloside

(XVI) in the proportionms of 2 : 1 (2%,
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H,0M¢ <, O0Me Y, 0Me

) oM oM Meo oM ‘
i “.om :
: i
| |

Hotbyl 213eanhydroe4:bedinetoyls © «Denmnopyranost de
{(XVII) s seleeion vith soddunm wethoxide givee equie
smoleeular quantities of methyl 2s54s6etrimethyle Seid
@lucopyranoside(XVIIi) and methyl 3sdibetrimethyle P«
bwaltropyranced de{iIX) (27).

{
|
|
i
|
|
!

CH,0Me CH0Me <, 0Me

‘,' oHy Ayl
f \l&b“(

M’ZII

‘zf sodivn hydroxide instoad sf godtun wethoxide i
Euuad a8 the hydyelytie agamﬁ, s mixtuyve of methyl 4:6-
-dﬂ.mthyz.wﬂ ehegiucoside and ~sltroside Lo mmma{a”}.

w‘rm these exmupies 1t would appesr thet cleavege of |
?t&m anhydve ¥ing on elther side of the oxygen stom 1
tekes yluoe Wtk equal facdlity, |

it should be pointod out, however, that teo
products canuot invariably be recognised, the mmaﬁ
of the ethyleme oxide yisg Yreaking in a particular |
%way deponding precuns®ly on sterie foctors, Jide |
?mﬂwﬁmﬂs&Waw&iMmﬁsqdww {esllulose) (XX)
lwuma treated with sedium hydroxide yields o mixture

5
\
f
|
1

|
|
|
|
[
|
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;or products{58) wuong which 1.2eiggpropylidene De
‘fmatose{m) was detected, imversioam having occ wm&
ut Cge With sodium mothoxide however, inmversion wad
'mnnly on €, and mthylmxs&mmwndm-mmr’w#a
(xzxz} was the enief product, |

H o

|
| (o]

Q (o] |
Q-CMe, o o-cme, T O—CMe,
H : H f
H Ho € “ > OoMe . :
| wo «0 WO w0 | WO 0
i
| |
OH H 5 o Ho i
|
ZXI XX XXIX |

Pereival and Zobrist found(39) that hydruvliysis
of methyl 24 Seanhydro=Delyxosi d¢ with sodium methoxide
gave two producte: 2emethylelexylose and Jenetihylels
,araﬁnoae in the ratio of 1:2; whereasy il the Gy

WMWNI group was methylated prior to the scission of
the oxide pring, then the sole jroduct was 33e
dime thyleDeprabinose,

In the ring opening of methyl 23 %eanhydzoedsbe
gbenxyudeaa- cebealloside(iiV) with sodiun wmethoxide
%;Peat and Viggine(40) obtained methyl 41P-bensylidenes
izumthylaltmddo(xxvz) a8 the msin product waile thqi
second derivative methyl 4:6-bengylidene-i-mathyle |
%zglueoc&detmxl) was isolated only in 10/ yieldp ,
further, in the case of methyl 2:3-anhydroed:be
benzylidene- BeDetaloside Wiggins{4l) only succeeded

kn ieolating the second product, methyl 4:Ge-benzylide

3 en&»g»mmyi- P wlegolactopide, with great difiioculty
| |
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and in minute yield,

Although the behaviour of ethylene oxide rings
tawards alkaline reagents has been most exhanatively
studied, a certain gmount of work has been carried |
Jout with acidic reagents and the examples so far
reeorded indicate that the mechanism of the uaction
ia essentiglly the same az with alkali, Thus, by
jthe action of agueous sulphuric acid on methyl 3:4e
éanhydraw(B-D—g&lactcaide derivatives of D-glucose ané
P«suloae are chbtained{42), liention should be made :
however of a result cbisined by Oldham and Robertson
?(50) vhieh does not follow this general mechanism, |
These authors failed to isolate any derivatives of .%
;glucose from the mixture obtsined from the acticn of
iceld, dry hydrogen chloride ir gcetone on methyl 2- é
acetyle3:4-gnhy dro=-6-tri tyl- <-Degalactoside, but

%obtain@d laptead derivatives of gulcse and galac%ose;
Ethe iattey baving arigen gpparently without any
Einveraian at the asymmetric centre. Ag far as the
%wwiter iz gwore,; this is the only recorded exeeption%
to the rule that ethylenc oxide ring scission involv&s
the trenge~exchenge of guiomnoid groups.
This work has beern repested recently by Labaton
and Newth(El) who found that if aquecus bydrochlorie |
mcid is used ao the hydrolytic sgent then the reaction
follows the nommal irsng-snion exchenge ond meihyl 3«
ichlnro-ﬁ»deozyw:ﬂnD-guloﬁide and methyl 4-chloroeds
deoxye « =Deglucoside are vbtained. At the same time
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however these authors confirmed the results of |
%ldham and Robertson, They found that if dry hydro=
}gen chloride in acetone was employed, then methyl 33
%-ngproyylideneoe*mD-galactouide was obtained in
ﬁlaee of the glucoside derivative and suggested that
fhe following scheme would sscsunt for ite formatioms|

Me,
V\Q,C—OH N‘L

o AN
{ \/\/\/\/\ l/_’\i H‘/+H.

The transformation of gn enbydro-sugsr intc an

|
|
J
\
\
|
|
|

$mino-deoxy-sugar by the asction of dry ammsnia(46,99);
|

e

#s regarded by Peat(23) as an exchange of the WH,

¢nion derived from gumonia sas follows:

i iy o B 4 NHg .

No essential difference has been found im the mode of |
#cisaiou of the anhydro ring wien gmmonis is emplayadq
| Apart from alkaline and seidic reagents, scieaion
%f the oxide ring in anhydro-sugars can be brought
%bout by Grignard reagents(43,44,45,46), It has been |
#ound(d?) that the attack of a Grignard reagent
ﬁollewa essentially the same course as when acid or
élkaline reagents sre employed, methyl 2.5~anhydro-4s6
«-benzylidena-cquualloside giving with methyl magneaw
:ium iodide methyl 4:G—benzjlidnne-&»decxy~5~ioéa~o<—
H-glucoaide in 80% yield. It will be remembered |
that the action of scdiwa methoxide on thisg compound
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isava the other scission product, maihyl 4:6~bnnay11-i
sdene~demothylaltroside, in S0F yield while the e |
%maths&gluccs&de derivative was only obtained in 107 §
yield. Hethyl 2)3-aniyéroeds6-cimethylalloside vith
ﬁmthyl upgnesiun fodide gave s mixture of products |
eincmding the Zwigdoulireside and the S-iaf&oalucoadq

éerivativas.
@

|

Varlous theovies bave been sdvanced to socoumt
for these resulits, Newth, Overend and Viggins{d4s)
camy to the coneclusion that if the ethyleme oxide xina
&1@3 abeve the plone of the sugar ring inm the musewidn.
mhan the C~0 bond further from the giyccsidic greoup

gsuffexa the meal ivtlensive cleavage, vaeress if the
%ﬁhyﬁxm vivg is situated Beloew the plane of the sugay
ring them 1t §o the G- buud meaver to the glycosidie
%xoap wiiich tresks to the grester extant, This L8
ﬁu“gartwﬁ by the sleavege of wethyh 2t l-anbydroedsbe
@e&ajl&ﬁeﬂtvf-buiﬁlﬂ&ik&333321} with sodlum wethoxide
%hieh geve maimly the Sesethyl derivative(XIV), a
#roéuat sblalved by seission of the C+0 bomd further
Fwam tha glycuéi&io BRO AT

5 ?k%«—o—q-\z Phe cH—O <K,




Similarly with methyl 2:3-anhydro-4;6-bengylidene=~ <«
Deglloside(40) (oxide ring below the sugar ring plane)
the bond nearer the glycosidiec group mainly breaks,
The presence of a lib-anhydro ving in the molecule,
however, appears to cause the opposite effect and 1l:b6+
Ri3-dianhydro~  ~D-talopyranose {(ring above) (49)
gave mainly l:6-gnbydro-2-methyi-Degalactose, the
oxide ring having brokem on the side nearer to Cl.
However, acidic hydrolytic¢ reagents according toi
these authoys reverse the proportions of the products
pbtained and when acid hydrolysis occurs and the oxidé
ring is below the sugar ring, them it ig the boud far%
ther from €3 which is msinly broken, The exemple
quoted is methyl Z2i:j-aniiydre- c-Deglloside(XXV): |
plksline reagents(40) gave maisly the gltroside derive
sative(XiVi), whereas from the getion of hydrobromie |
pnd hydrschloric aecids the meinyl S~chBloro-d«dsoXxys |
and methyi 3-bromo-3d-deoxye o ~feglucosides(XNVIiI)

were the main products.

Qg (.“g
Q
O——<H, " &
th -cw-o
‘1
o O, [ %’ aw oy
H N -
-] XXVI
[} (Y] i
ok .<w-0O omx. CH.0M
T~

O

XV

XAVIIX
R =OCH;,NH, o O, R'= d o By
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Experiments with sulphuric and oxalic acid as hydrol-
ytic reagents on methyl 2:3-anhydro- x=De-zlloside

produce a similar effect to that of the halogen acid,

It is surprising to the writer that the position

Eof the glycosidic group relative to the position of
I

‘the ethylene oxide ring is not the determining facton
;1n the ring fission, but in the examples quoted(XAIIIg
éand (XXV) &n one case the glycosidic methoxyl and thé
iéethylene oxide ring are both above the plane of the |

|
|
|
|
|

fsugar 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-

Eions advanced by Newth, Overend and Wiggins(48) wdthi
regard to ring cleavage cannot be applied universally¢
%Dibensyl hydrogen phosphate(52) reacts with methyl i
ézz5—anhydro-4:6-benzylidene-cxuboallopyranaside to i
3give (after removal of the benzyl and benzylidene E
:groups) predominantly methyl o<—D-altroside 2-phosphq
ate which is what would have been expected from §
alkaline rather than acidic fission. Again, the
Eactlon of hydrochloric acid on methyl 2aa-anhydro-4:d
~benzgylidene~ o -D-mannoside(53) followed the same :
?course as alkaline fission(40,54) of the anhydro riné,

‘and gave rise to methyl 3-chloyo-3-decxy- X wDe 5
, . l
1
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éltroside in 927 yield. g
Finally an attempt has been made to extend Fﬂrst
and Plattuner's rule, that "steroid® epoxides break to
give a product with the two groups in polar positlonsi
(55), to sugar epoxide derivatives,and Newth and Homeﬁ
653) contend that derivatives which have the ethyleneé
dxide ring stabilised by a l:6-anhydro or a 4;6-benzy#-
idene group obey this rule, The examples they cite §
im support of this behaviour are 1:6-2:3- and 136 ~3:4
@dianhydrc-@ ~D-talopyranose with ammonia(49) and theé
éredominance af methyl 4=6~banzylid&ne»cX-Dnaltroaiﬁe%
éerivatives from both me thyl 2:3-anhydro~4;:;6-benzyli~

dene- X -D-glloside and methyl 2:3-anhydro-4:6-benzyli

SR SR I e,

éene—o<~3~manncside(53). Should the stabilieing
éraup (1:6-anhydro ring or 4:6-benzylidene group) be
thent or be removed from the anhydro-sugar during
#eactiea with geidie reagents; these authors consider
it is more difficult to predict which product will be
ébtained in greater quantity.

. Dose, Chaudhuri and Bhattacharyya(103) have
%xamined this rule further. They suppoxt Newth and
Homer in so far that they are of the opinion that the
éeiasian of the epoxide ring in 2:3-anhydro sugars by
#lkoxidea, alkalis, ammonia and thiols gives predomin-
éntly products which have the entering groups in the

polar conformation: altrose derivatives are obtained |

in preference to glucose derivatives from 23d-anhydro-

|

sllose snd 2:3-anhydromannose derivatives; idose
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Eder1Vat1ves are produced in preference to galactose
jderivatives from.zaa-anhydrogulose and 2:3=anhydro- é
talose derivatives; but they differ from the latter
vanthors in that they do not consider the presence of‘
ia stabilising group necessary. Wahen 334eanhydro
derivatives are subjected to scissiong Bose et gl.

ieonsider that in the meipn derivatives with the enter%

ing groups inm the equatorial positiom are cbtained but
?that the real governing factor in these derivatives %
iia the bulky primary hydroxyl group which must be i
l&ggg_ to the substituent at position 4, The wesk~ i
rness of this theory of polar or eguatorial submtituﬁw
izon lies in the assumpiion that the sugar ring in alm
‘these derivatives has the Sachse irang conformauzon..
Although therm is some evidence from Xe-ray stndlee(lq4)
‘that gsugers in the crystalline state do exist in thié

1form, no definite evidence has so far beem advanced

1
|

\concerning the conformation of the sugar ring in |
§solution. It should be emphabised that fkesion of
!the anhydro ring and substitution of the entering

groups always takes place in solution and the above

~arguments therefore do not appear entirely eoncluaiv¢
PR %

3 Certain experimental resulis can only be explaiﬁ-
ged by postulating the occurrence of multiple formatiob
;and secigsion of anhydro rings. The conversion of )
émethyl °»toluene~2~sulphonyl-f3-Daglucoside(XXIX) inﬁo
Ia D-idose derivative by Lake and Peat(58) requires :
iinversion of configuratiom on Cgy Cz and Cy which, |

|
|
\
|
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the authors congidered, involves the formation of a
2:3~anhydro ring followed by a 3i4-anhydro ring, The
ﬁzrat product of the reaction of sodium methoxide is §
ﬁethyl 2:3~anhyd:0~(5~D»mannoaide(xxx). Excess aodiu#
methoxide causes fission of the R:3-anhydro ring and
aubs@quent resrrangement leads to the formation of
m@thyl aa¢~anhyara-@.n-altropyranoside(XXXI) whi ch 13
gsolateﬂ a8 syrupy methyl 5;4~aﬁhydro—zs6~d1m@xhy1~P g
}D»altrepyraﬁoaide. Purther ireatment of this syrup
%ith godium methoxide gives mainly methyl 2:4:6~- %
ﬁrim@thyln ﬁ ~Deidopyranceide(XXXII). il

oM

CH,0H

oy

XAXTX ‘
, Levene snd Compton(59) believe that formation
iand cleavage of a 435-ethylene oxide and a 1ljS-anhydro
fring compound (the former having D-gulose and the

1atter D-allose configuration) is necessary to accouqt
for the formation of methyl 6-deoxy-2:SvgggpronylidQQe
-D allofuranoside by the alkalime hydrolysis of ?:5-%

__gprcpylidene-s-toluene~3~sulphonyl ~LeyYhamnofuranos é.
No anhydro-sugars could be isolated. |

|
|
[
|
|
|
|
|



} Although anhydro-sugars of the ethylene oxide
?type have never been detected as éonatituents of

E:uving material, it is tempting to visualise metaboliec
proceases taking place in this manner and it may well

be that biological interconversions of sugars are

;brought about by anion exchenge on carbonium cations,

Peat(60) in fact suggests that the change from glucose
?to galactose which takes place so readily in the ?
%ammary gland may be thruugh the formation of the D-E
églucose 5~phosphate followed by successive intramole-
iculax anion exchange on Cg and Cyg. Although no direct
?aupport has been found for the suggestion, it is
%plausible to envisage the interconversion of sugars
%in seaweeds and other living systems containing
;palysaocharide sulphates by means of ethereal
%sulphates and ethylene oxide ring compounas,

% Apart however from the hypothetical use of such
%subetancea in Nature, the value of ethylene oxide ring
,derivativea in the laboratory for the synthesis of the
frarer sugars has been immense and it is only uecessaﬁy
th examine the exmmples cited im this account teo
irealiae the wide variety of sugars and their derivate-
?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 methodss accordingly, methﬁl
4~toluene—n~sulphonyl-L—rhamnopyranoside end methyl

;2~toluene—g~sulphonyl$1—fucopyranoside have been




o

‘prepared. Removal of the toluene-p-sulphonyl groups;

Fave crystalline methyl 3:4-anhydro- and ecrystalline i
e thyl zzs-anhydra-lmtaloside, respectively, Both |
}these substaneces have been subjected to alksline '
?Fisaion with scdium methoxide both before and after |
Jnethylation. and attempts have been made to identify
iLmi characterise the monc~ snd dimethyl sugars

obtained.

|
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All evaporations were carried out under dimin-
ished pressure, the temperature not exceeding 45°.

Carbon, hydrogen and nitrogen miero-determin-
atione were carried out by Drs. Weller and Strause
of Oxford. .

Methoxyl group and sulphur micro-determiﬁ9t;on
were carried out by the author.

Unless otherwise stated the following solvents
have been used throushout =& eluants (top 1ayer) in
chrowatoprachic analysie:

Solvent (I): n-Putanol-Ethanol-Weter (4:1:5.v/v)
Solvent (IT). Benzene-Ethsnol-Veter(169:47:15,v/v)
The following Rp values were determined.

Substance Solvent (T) Solvemt (7T)
1. I -Rhamnoee ------= =c==u-- 0,40
2. —Methvl T-?kammosp ~mee== D,66
3. 2J4 -Dimethyvl-T -Rhamnose -- 0.86 «=----- 0.94
4, 2.3-Dimethyl -l -Rhamnoge -- 0.82 ------ 0.89
5. 2:3.4-Trimethyl-l.-

Rhamniose -- 1.01
6. Methvl 3.4-Anhydro-6-

deoxy-«~L-Taloside -=---- 0.92%
7. Methyl 3:4-Anhydro-2-methyl- %

6-deoxy-«-1 -Taloside ---- 1.03
8. 6-Deoxy-L-Idoge -===m--ee-- 0.50

6-Déony-23-Vethyl-lL-ITdose - 0.72
lO L-Fucoge -=-=--mocsmmnnn-- 0.21
1l.2-Methyl-L-Fucoge ==-=-=-=-- 0.59
18.2:4Dimethyl-] -Fucoge -=-=-- 0.80

13.2+3:4.-Trimethyl~! -Fucose- 0.94

%= A eaturated agueous solution of aniline oxslate
wae uged as a spray, except for substences 6 and 7
where & 57 phosphoric acid solution in saturated
agueoue asniline oxalate was used.

The L-fucose used for the preparation of anhydro-
sugars in Part I1 was made available to the writer
through the generoeity of the Institute of Seaweed
Research.
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Met§x~ X =LeRhaunoside,
i
o «Le-Rhamnose Ho0(25,08.) mp.93-94°, (o, -99—>+8¢

Kc. 4,0 in water) was treated six times with alcohol |

l
and benzene(6: 4,1/1; and gave anhydrous rhamnose(22. le
&.9.120 Yﬂ1w + 38 —>16%¢,2.5 in water)., The 1a1te$
Was dissolved in methanolie hydrogen chloride sniutiop

;280c.c.;o.25ﬁ} and heated st 80° under reflux umtil |
éonareducimg to Fehling's solution(40 hours)., After
#ooling, the solution was neutralised with silver

éarbenate; the silver szlis were removed by filtratwl
#on and extracted with hot chloroform(4 x 30c.c.}).
The combined extracts end filtratewere evaporated

under diminished preseure and gave a colourless syrup

Kzs.asg.) ﬁhich crystallised spontaneously, mp.l09-110°

(ody  «62° (e,1.0 im water); lsttice constantis

1
|
i |

;from layer line spaeings, kindness of Dr‘C.A.Beevers>
% =8.1y D= 13,2, ¢ = 7,4 (Braekken, Koren and %
Soran&an(los) record @ = 8.2, b= 13,1, © = 7.5 for |
hethyl xw»Lerhamnoside). %
; In a second experiment, anbhydrous rnamnoae(zl QgL)
#as converted into the glycoside(23.51g.) by refluxi
the sugar with s 27 methanolie hydrogen chloride sclu#
tion(lﬁOc.c.) until nome~reducing to Fehling's solution
(6 hours). |
In a third experiment, anhydrous rhamnose(a.Og.)E
;aa dissolved im dry methanol{30c.c,) and heeted under
&eflux at 80° in the presence of an equal weight of E
Eation exchange resin (Amberlite 1R«100«H) until

)

3
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ﬁan—reducing to Fehling's solution (9«10 hours). Thé
*eein was removed by filtration and washed with hot i
%ethanol {6 x 10¢c.c.). Removal of the solvent fromtf
fhe combined’ extracts and filtrate yielded cryatalliﬁe
methyl XeLerhamnoside (2.508.), |

|
|
|
{

ethyl 2:3-igoPropylidene- X~L-rhgmnoside,

| |
|

| This method follows very closely that of Percival

Lnd Percival(l07), liethyl ok-L-rhamnoside(25.50g.);
%as dissolved in dry acetone(1350c.c.)s 20 drops of |
gcetaldehyde and anhydrous copper sulphate(320g.)

%ere added and the mixture shaken vigorously for 120 ;
ﬁoura. At the end of this period, 7 drops of concens
trated sulphuric acld were added and the shaking |
?ontinued'fer a further 20hours. The copper sulphat¢
waa filtered and extracted with dry acetone(6 x 500c.¢.}.
?he filtrate and extracts were combimed and neutralis?d '
With barium carbongtey the barium salts were glso 3
gxtracted with acetons (3 x 100c.c.). The combined é
éxtracts snd filtrate were then faken to dryness aund ;
%he resulting syrup distilléd in the presence of a |
&race of bsrium carbonate at 110~115°(bath tempera.tum)
/o osmm.; yield 23.61g. (754 of theory)s V\ 1.4863;
5»{{{» -14° (¢; 1.0 in acetone).

| In repetitions of this preparation it was found |
ﬁnnecaasary to add concentrsied sulphuric acidy as
the sddition of acid eatalyst did not appreeiably

increaae the yield.



dethyl 2:5-isoPropylidene-4-toluene~pesulpionyle=
Ael=rhamnogide, |

|

llethyl 2:3-igopropylidene- XeLerhamnoside(23.0g. )

in'two half-lots; was dissolved in two portions of é
én&e, dry pyridine(585c.c.,) end each helf was treated E
with finely powdered tolueme-p-sulphonyl ehloride(2l.0g.)
in small portions, with cooling and frequent shaking.é
After standing at 15° for 40 hours and at 22° for a |
further & hours, the dark red solutions, in which
feathery crystals of pyridine hydrochloride had appea#-
¢d, were poured onto finely crushed ice with atirringé

A suall quantity of crystals was obtained, but the ?

[

main product was a sticky pimk solid. Complete i
#emOVal of the pyridine by repeated washing with wateﬁ,
ﬁowever, gave a powdery amoyphous solid, The first

1

two litres of the washings were extracted with chloro

Soc g e

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

were successively washed with sulphuric acid solution;
¢10%; 4 x 300c.c,), satursted aqueous sodium hydrogen%
¢arbonate solution (3 x 300c.c.), and with water i
(2 x 300c.c.)s The combined washed chloroform extrmé
&cts were dried over anhydrous sodium sulphate; remov=-
al of the solvent afforded a brown mobile syrup |
contaminated with pyridine, This syrup was poured |
onto erushed ice, and, after repeated washing to frea;
it from pyridine, a white amoxphous powder was obtain{
ed. This was combined with the main preduect (Total

yield 26,0g,) and recrystallised from methanol in the?

|
|
|
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form of large plates(26.1g.) mp.60-61 , (| +22° (e,
n,9 in methanol).

Pound: 6, 54,643 H, 6,46, Cales for C,gH,,0nSs
! B4.84) HY 6.452. y 1772477

I
g Hethyl 4-Toluene- iphonayle X «Lerhamnoside. ?
| |
: 1

Crystalline methyl 233—*ggprogylidenan4~toluen |
kz-sulphonyl-&ulmrhamnosi de(24,08.) was treated with t
methanolic hydrogen chloride(l85c.e.3i%) at 70° for

05 minutes, After neutralisatiom with silver carbonL
hte and extraction of the silver residues with hot
hethanol(4 x 50c.c.), removal of the solvents from the
%omblned iltrate and extraets afforded methyl 4=
%oluene-g-aulphonyl»oa»Lnrhamnosidaizo.Zg.) &8 a nom-|
keducing syrup which on hydrolysis with acid gave a |
pegative iodofurm test for acetone, ) § 4 had.h 1.52083
[oclf -74° (¢, 1.4 in chloroform). |

| Pounds 8, 8.8; Olie, 842, Calc, for C3gHpoOyS:
f S, P63 Ole, .37

liethyl 3:4 snbydro-6-deoxys ot=L-tslosgide,

| Methyl 4-tolueme-p-sulphonyl~ ot~Lerhemnoside
(19.80g.) was dissolved im sbsolute slcohol(50c.c.)
Fnd, after addition of 2 drope of phenolphthalein,

&he solution was titrated at 756° with sodium hydroxide
Eolution(ga* 30.0cs0.) until permonently pink; it wap
khen refluxed st 70° for 60 wiputes and allowed to |
Btand for 18 hours at 15© In repetitions of this

bxperiment the pink colour was found to have faded onf
pccasion, after the solution had been kept at 156° foru

lS hours; in such cases more 2M-godium hydroxide
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|

éolution was added until the solution became perman-
%ntly alkaline, Sodium toluene-p~-sulphonate was
%ften deposlted; elther as large white erystals oxr asg
+n amorphous powder, and was removed by filtitrastion. |
#emoVal of the solvent under reduced pressure gave a ;
érystalline solid sdmixed with syrup; which was
extraeted with dry ethyl scetate in the cold(5 x 20¢.¢ )
and at the boiling point(20c.e¢.)., Removal of the é

|
|

nsoluble sodium toluenme-p-sulphcnate by filtratiom
was followed bty evaporation of the filtrate (comhxned,
#xtracta) yielding a semi-crystalline mass., This wa&
fecrystallised from warm light petroleum (b. p.40-60°)

vaing methyl 3: 4-anhydro~6~deexy~cx-Lutalosiﬁe |
(e,vvg.} mpe 67-689, (o {. <109° (c, 0.9 in water). i

Founds C, 52,73 H, 7.4. CqHyo04 requirves
Cy, 52,55 H, 7.5

Chromatographic analysis with butanol:ethanol:

B ——

osphoric acid in sniline oxalate as spray gave a

e

I
l
|
ater(4:1:5 v/v) as eluant and a 4% solution of j
i
l
|

Pingle spot Rg 0.92., Repeated treatment of the
@other liquors with light petroleum(b.p.40-609) braugpt
hbout almost complete crystallisation and ihe remaln-
png small quantity of syrup (X) (0.3g.) produced om
Feawy spotting on the paper chromatogram a gingle é
ont. Ry 0.92 (with above eluant and 4% phosphorie i
acid-aniline oxalate spray) identical with that given
:’by the crystals. |

i In a subsequent synthesis of this compound |

|

starting from the seme quantity of rhamnose Hg0(25.08.)

|
|
|
f
|
t
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i

|

|

|

%mproved yields were obtained at all intermedigte
|

ftages. the yield of methyl 3:4~anhydro»6-deoxy~<x-L-;
ﬁalaside being 8.0g., mp.68°, E{] " #110° (ep 141 in wate#).
| !

|
|
I

Hydrolysis of Methyl 3:4-Anhydro-6-deoxye Olele |
taloside with N-Sulphuric Acid, 3

Hethyl 33 4egnhydro=6-deoxy~ x=~L-faloside (0. Oﬁg.j

@1 ~109° was boiled with N-sulphuric acid(12e.e.)
+ntil the rotation was constant {3 hours; [&13__0 j 1
#his gave g reducing syrup whiech :showed on a chroma»E
Eogram s distinet spot ldenticsl with that givem Ly g
authentic rhaunose (RG 0.40) end & faint spot Rg O. 5é>
fheught to correspond viih €-deoxyidose. On standing
!this syrup partially cryatallised. The erystals had’
Lp.89° slone =nd on admixture with rhammoge (up. 920);

Alkalipe Hydrolysis of Methyl Bid~Anbydroe-Ge
deoxy=~ o~~L=talogide with

(2) Potassium Hydroxide,
Crystalline methyl 2Z:4-snhydro-Letaloside(0.2g.)

#p.68° wae dissolved in agueous potassium hydroxide

i&%;EOc.e.)(40} and the solution heated under reflux |
%n 2 boiling water-bath for 20 hours. Some daxkening
%ccurred g0 that changes in rotstion eould not be

kolluwed. The ecooled sclution was saturated with
|

potassium bicarbonate; the whole being then extracted
kwice with echloroform, The dried ehloroform extraet%
kNaasod afforded a pale yellow syrup(0,15g.) which wa;
gydrwlyéed with sulphuriec aecid(4%3lbe.c.) =nd gave a

reducing syrup. This after trestment with charcosl

Fnd filter-cel showed,; onm 2 paper chromstogram (with
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butanole-ethanol-water, 4:1:5, as the mobile phase)
two spots: 1. Rg 0.40, identical with that produced
by asuthentic Lerhamnose; and 2, RG 0.50, identical
with that produced by suspected 6-deoxy-L-idose
obtained from other sources,

(b) Barium Hydroxide,

Crystalline methyl 334-anhydro=-6-deoxy~ L ~i=
taloside(0,035g.) was treated with barium hydroxide
(1g.) in water(bc,c.) at 100° for 2 hours. Alcoholi
(7e.ce) was added to the cooled soluiion and the
mixture filtered. The precipitate was washed seversl
times with hot alcohol snd the filtrate and washings
trested with carbon dioxide. After removal of the
solvent the residue was extracted with acetone. The
acetone extracts gove a syrup(0,0175g,) @‘1‘::-600 {e,
0.4 in water). (ef. methyl OL-rhsmmoside, [0(1‘:1-620
in water), Hydrolyeis with N-sulphuric gcid for
4 hours at a 100° gave a reducing syrup, [oe_i‘:;:@(c,
1.0 in water) which on chromatographic analysis
(butanci:ethanolswater,4:135, as eluant) showed 2
strong spot Bg 0.40 identical with one given by
authentic¢c Terhemnose, and s very faint spot Rg 0.850
thought te be 6~deoxyidosge. l

On standing this syrup partially erystallised.

The erystals had mp. 90° ;
Repetition of this hydrolysis on the residugl ;
syrup(X) after removal of the crystals of methyl 5:4-*
anhydro=6~deoxy= X-L-taloside gave identical resultﬂj

r
|
|
|
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Alkgline Niydrolyeis of Methyl 3:4-Anhydro-6-
deoxy~- t-l-taloside with Sodium lethoxide.

liethyl 3:4-anhydro-6-deoxy- ox-Letaloside(2,508.)

was dissolved 1n‘dry methanol(150¢c,.,c.) containing
metallic sodium(2.,0g.) =and the solution was heated
under reflux at 80° for 19 hours,  Carbon dioxide was
then bubbled through the solution for 6 hours, The
precipitated sclids were ryemoved by filtration
and combined with the residue oblained on taking the
filtrate to drynesse. The combined solide were exityre
acted with chloroform in the cold(6 x 50c.c.) and
removal oi the solvent from the combined extracts
gave a brown mobile syrup which distilled at 120-130°
(bath temperature)/C,lmm, ag a colourless asyrup(a)
(2.08.). n% 1.4685, \eily -117° (e, 2,0 in water).

In subsequent preperations of this compound, the
passage of geseous carbon dioxide through the sodium
methoxide solution was replaced by the addition of
pleces of soiid carbon dicxide {"cardice%), the
precipitation of sodium carbonate being thereby
accelerated,

Removal of the Glyeogidie lMethoxyl Group,

The syrup(A) (1.2g.) was hydrolysed with Ne

sulphuric acid solution(52c.c.) until the rotation

1St
became constant, (vl -4%32 hours). Neutralisation
with barium carbonate snd removal of the solvent gav
s colourless syrup(0,958.). Chromatograsphic examing-

tion of this syrup with n-butanol:ethanoliwater{4:il:f)

}




as the mobile phase revealed two spots, RG 0,66 and
Rg 0,75, together with traces of free rhammose,Rg 0,40,
Se on of Hydrolysed Syru into its ‘
Congtituent Sugars.
|
The above mixture (0.90g.) was separated into its
components by passage through g columm of powdered
cellulose(108). The solvent employed for elution
was purified light petroleum(b,p,100-120°)-p-butanol
Kl:l;t/v) saturgted with water. The eluate from the

|

bolumn was fractionated into approximately 5cc. port-
!

fons by the sutomatic device which changed the
receiver after 4S-minute intervals. Bvery fifth

tube was analysed chromatographicallys fractionation§

pecurred as followss

Tubes 1-58 -
. 68-88 Fraction I3 Ry 0.75
. 89«107 .
" 108-128 Frection 1II; Rg 0.66
. 120-149 -
» 150-200 Fraction IIIj Rg 0.40

After the removal of solvent each of these
fractions (as well as syrups obtained from cellulose
#olumns 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 inm absolute ethanol

pnd removal of the solvent.
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Chargcterigation of the Fractions.

Frgpetion I, A colourless syrup (0.4128.945.8% ),
Rg 0.76, Mg 0.80(see p. 56 ), (&1, -14% (e,0.7 in water),

-13%(c, 1,0 in ethanol), 1y 1.4790, |
Found: €, 47,85 H, 8,63 Oule, 18.0, Cyy Hy 404 requirés
¢, 47.13 H, 7.9 Olie, 17.4%. j
This syrup is presumed to be 6.deoxy-3-methy1-n-f
idose since a syrup with identiecal Ry value and optiei
‘8l rotation, and identical behaviour on paper ionopho¥~
esis (deseribed on p. 54 ) was obtsined from methyl 2:#
snhydro- “~L-taloside (p. 37 ). j
Conversion to the methylglycoside with methanolié
hydrogen chloride gave a colourless syrup, [iyg 219, %

(c, 2«4 in Gth&nOl).

Anilide Formetion,

Thig fraction(65mg,) dissolved in Sce. of an
aleoholic solution of aniline (prepsred by dissolving

freshly distilled sniline(0.55¢e.) in gbsolute aleonom
(10ec.) ) contsining drierite (0.2g.) was refluxed at
80° for six hours. Removal of the solvent at room
%emperature afforded a syrup which crystsllised cou~ ;
pletely, m.p. 62-63%, undepressed on admixture with .
G=deoxy-3-methyl-l-phenyl-L-idoeyl~ smine, m,p. 62—650;
obtained from the 2:3-anhydroderivative (p. 88 )

|

|
|

Pound: @, 61.03 H, 8.03 N, 4.6, Calc. for CygHygO,Ns
C, 61.4, H’ 7.9; N' 5.#%0
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Isolstion of g Crystglline Phenylosazone,

This fraction (30mg.) in water (2ce.) was treateé
with phenylhydrazine (0.15ce,.) and glacial acetic acid
(2 drops) at 100° for two hours in an atmosphere of |
¢arbon dioxide, On cooling in the presence of solidé
¢arbon dioxide a yellow solid was deposited. The |
801id was washed with dilute aqueous scetic acid and
allowed to stand in water with solid carbon dioxide
at 0° for 20 hours, Filtration, followed by recrya«?
tallisation from agueous ethanol gave light yellow
needles, m.P. 122-5°,Eﬂf€0°(c, 1.6 in ethenol)

|
i
|

| Founds Olie,8.4 § N,14.9 3 Cy9Ho304N, requires
| OMe,8.7 3 No15.08% § 10 20 0 |
. HErgetionm II, A colourless syrup (0.302g., 33.5%),

RG 0,65, which cryatalliaed completely, m.p. 120°Aq}o}58
1s® |
' C&XD 15°% (¢, 1.0 in methanol) (ef. Levene end luskat

(109) who record m.p. 120°, (&l ,*13° in methanol for |
7 1 |
Q-methyl-L-rhamnoae);YPCXZ 14° initial >+*0° (15 wmins.)

(cy 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
erystallised completely on standing, m.p. 120°,
j Founds C, 47.2; H, 8.1; Olle, 17,2, Cale. for 07H140;
€y 47.23 H, 7.93 Olie, 17,4 |
Syrupy 4-methyl-L-rhamnose, which had been pre-:
ﬁared by methylation of methyl 2:3-;ggpropylidene-eﬁ—é
Lerhgmnoside, followed by removal of the ngpropylid-é
éne residue snd of the glycosidic methoxyl group, when

|

nucleated with a crystal of the above Fractiom II
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- erystallised completely.
Fraction 111, A colourless syrup (0.0588., 6.&%),?

Rg 0.40, crystallised completely, m.p. 92-94% alone
or on admixture with authentic L-rhaunose.

Recovery from the coluym: 86% (after purificatioh
of fractions). |

A subsequent preparation gave 1.2g. syrup (A)
which, after acid hydrolysis(l.02g.) and separation
on a cellulose column, gsves Fraction I (0.5758., |
§6.9%)3 Fraction II (0.270g., 26.8%)3 and Fraction III
(0.060g.y 549% )y as in the previous preparation,
slong with a fourth fraction:(0.0EIg.. 5.08%) of Rg %
0450, [éﬂﬁ.-av.4?(c. 1.5 in water). leyer and Reich~ |
stein(105) record Y§1§;26°(c, 4,462 in water) for
Gedeoxy-Leidose.

Recovery from the columns: 95%.

lethyl 334-anbydro-6-deoxy=2-methyle X ~Letalosides

. Crystalline 3:4~-anhydro-6-deoxy=- ol-Letaloside f
(3,08.) was dissolved in neutrel methyl iodide(130g.),
‘the solution refluxed at 43%° on o water-bath, dry |

i
|
|

‘freshly prepared silver oxide(8.,0g.) being added in |
‘half-gram portions at regular intervals with tquuen§
ghaking over ¢ hours. The heating was continued fo#
one hour after the last addition of silver oxide;
the solution was then cooled snd filtered, the silver
oxide being extracted with hot chloroform(4 x SOc.c.i.
‘The filtrate end extracts were combined snd taken to |

dryness yielding a syrup whick was subjected to a
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further three trestments as above, its mobility
ineressing with each methylstion., The product from |
the fourth methylation distilled at 80-100° (bath
temperature)/0.¢lmu, a8 a colourless, mobile syrup
(24884)s W5 1.4500, [o?j;'-uo" (ey 0.6 in methenol)
(Found: Olie, 35.83 Cg Hj 404 requires Olie 35.6%).

Alkgline Hydrolysis of Methyl 3:4-Anhydro-6-

L -R-m_.x____.ke;h XL WM
lietho olliowed by Removal of the '
Lethoxyl Group, |

lethyl 3id-anhydro-6-deoxy-2-methyle x-l=talosi dq}
(3.80g.) wae dissolved in dry methanol (260cc.) con- l
taining metallic sodium(3.20g.) and the solution |
heated under reflux at 909 for 19 hours. The praducﬂ
wes worked up as described om p.37,. snd a mobile |
ﬁyrup (3.7384) (ﬂ(:-v&)" {ey 1.0 in water) was obtaine%t.
i‘hia syrup was hydrolysed with sgueous sulphuric acidé
(483 30ce.) at 100° umtil the rotation became constan’;p
( Ee‘lf -12%; 3 hours). The solution was neutrslised ,
with barium carbonate, and, after filtration, the |
barium selte were extracted with hot chloroform
(4 x 15¢.c.). The combined extracts and filtrate
were takem to dryness and gsve a colourless syrup
(3.202.) which partly crystsllised on storage at 09,
Yield of crystals: 1,178.3 m.p. 820 « if gllowed to
recrystallise on the glases slide, re-melted at 789, |
.["‘1:.-19" {cy 1.0 in water), +14.,5 —> ~3° (48 hours,
constant) (e, 1.8 in ethenol). Removel of the

ethanol from the rotation solution gave e syrup which|
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%rystallised spontanecusly, m.Pe. 78°.

Founds C, 49,53 H, 8,13 OMe, 51.7, Cgljg0sg requlrea
€, 49,93 H, 8,43 Olle, 32.3%.

bn the paper chromatogram, using solvent (L) as the

mOblle phase, the crystals produced %Ws{?gle spot,
RG 0.86, Ionophoresis (Pp.56-=7 gave w.GOLO 92115%* Chrom-i
mtographic comparison of the crystals with a syrup,
Bupplied by Dr, P.W. Kent, thought to be 3:4-d1methy1L
mhamnose obtained from natural sources, showed these
chromastographically i
isubatancea to be/identicsl: on chromatographic
§analysia. identical spots, Ry C.86 with solvent (1)
as elusnt, snd Rg 0,94 with solvent (II) as the
hobile phase, were obtained. Admixture of the two |
sdbstanees produced a single spot on the paper chromJ

(

ategram with solvent (I) as eluant. §
| The mother liquors (C) (2.03g.) from the crysta;s
(B) on chromatographic snalysis revealed a single
fapat, Rg 0.86, and a faster omey Rg 1.0, with aalvenq
(1) as the mobile phase. Purification of this §
;ayrup (¢) was affected by passage through a coluun ;
of powdered cellulose(108) with n-butanol saturated
with water - purified light petroleum (b.p.100-120°)
1(436, v/v) as elugnt, fractionation being achieved a¢
Edescribed on Pe 38 . A colourless syrup (1.61g.) ;
§waa obtained, \'\'51.4548. [d’}:‘—la"’(c. 1.5 in water, f
iconstant), producing a single spot, Rg 0.86, on the |
paper chromatogram,. Thiavayrup partly crystallised%
fan seeding with the crystals (B), (0.8g.). The

| %° o
[residual syrup (@) (0.81z.) had ‘fﬁ «16%(c, 23 in

| heﬂe two values were obtained by the use of
i different types of apparatus.
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vater), =13%(e, 2.3 in etnanol).

; A very small quantity of a second fraction, Rg
i.o, was obtained as o colourless syTup, Y&3§;20°.
&c, 0,05 in water),

Repetition of these experiments gave in one

instance a syrup in 857 yield, Rg 0.86, which crystals

5

}ised completely, but in no experviment was more than |
g trace of the faster-moving constituent obtained. ;
| On one occasion, the distillistion of the syrup ?
obtained from the methylationm of methyl 334-anhydroe |
G-deoxy- L -L-taloside was omitted. Alkaline fissiom
%ith sodium methoxide followed by acid hydrolysis snd

beparation on a cellulose column gave, in addition to
mhe crystals (B), the following substancess (1) 2:5:4#
trimethyluLorhamnoae(v.a%), Ry 1.01, 1ndiatinguishab1b
Chromatographicnlly from suthentic 233:4-trimethyl-L-
rhamnose;(ﬁx 4—22°(c, 1.2 in water) (Purdie and Young
(111) record (ﬁhy+25“ for P3Bié-trimethyl-Lerhammcse),
| (Founds OMe, 44,2, Cale. for CgHygOg, OMe 45.1% )

|

(2) 6-Deoxy=-3d~methyl-L-idose(6,057) which crystallise

|
|

=7

Fpontaneously on removal of the solvent, Rg 0.75,
ﬁ.p. 113-114°, (§K7-+14 4° (e, 2.5 in ethanoi), \
L15° constant (¢, 1.0 in water), §

Founds C, 46.823 H, 7,953 Olie, 17.2., C7H1405 requirbs
Cy 47.13 H, 7,93 Olie, 17.4%.

}dmixture of these crystals with syrupy 6-deoxy-3=~
methyl-Leidose (p.39 ) gave a single spot, Rg 0.75,
§on the paper chromastogram with solvent (I) as the

hobile phase,
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Chagracterigation of the crystglline dimethyl
SUgar Iis

Anilide formgilion,

Crystalline dimethyl pentose (B) (0.lg.) dissolv»
pd in 6ce. of a solution of re~distilled aniline
50.5599.) in absolute ethanol {10cc.) containing
hrierite (O.28.) was refluxed at 809 for 6 hours.
hemoval of the solvent at room temperature afforded
9 B syrup wnich erystellised completely, m.p. 141-142°%, |
(él;+110 +7%(20hrs.) (cs Ou4 in ethanol) |

FoundJ 6, 60, 8’ H, 7 5‘ K' 5 4; 0%0. B3 3s 014}1210431'6’01111‘@8
@o 62093 Hy ( " O N, 5.23 OMQ’ 23«%0 e

A?n X~ray powder photograph of this snilide was taken-;
by Dr, C.A. Beevers and compared by him with a similar
ghotograph, supplied by the Birminghem laboratories,
of a synthetic 234-dimethyle~N-phenyl-rhannosylamine,
&he two photographs were pronounced identical,

Demethylation of tals (B

| Attempted demethylation with hydrobromic secid
éave only unchanged material in every case. Demeth"
?lation with hydriodic acid was then attempled and
@reved successful, The crystals (B) (0.05g.) were
refluxed with freshly distilled hydriodic acid(2ec.)
%t 100% for 10 minutes, The solution was then dil~
‘pted with water(l5cc,) and neutralised with silver
carbonate. Removal of silver ions was effected by |

bassage of hydrogen sulphide through the solutions
pfter filtration and removal of excess hydrogen

|
|
|
|
]
|
|
|
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sulphide by aeration, the filtrate was shsken with
%mall portions of resins (Amberlite 1lR-100~H and

1R- 4B-0H) for complete clarification. It was then
takan to dryness affording a colourless syrup which,
pn heavy svotting, produced on the paper chromatogram
k single spot, Rg 0.40, identicel with that given by |

puthentic Lerhamnose.

The erystals (B) (0O.lg.)s strongly reducing

towards Fehling's solution, were dissolved in water
ﬁzec.) and bromine (3cc.) was added, The solution |
was kept at 15° for 96 hours, after which a portion of
1t had, when freed from bromine by aeration, no actioh
bn boiling Fehling's solution, The bromine was
removed by seration and the solution neutraslised with
pilver carbonate and filtered. The filirate was
kueeessively sheken with cation and anion exchange
#egins (Amberlite 1R$100-H snd 1R-4B-OH) and, after |
'}emoval of the resins by filtration, tazken to dryneae?
to give an acid wnich distilled at 135°(bath temperate
ure)/b Olum, as a colourless syrup(75mg.), 1) v 47°
Klﬁmins.) {esy 0.9 in water) unchenged after 70 hours.

httempts to form a erystalline asmide were unsuccessful.

Attempted Phenylhydrazide Formation,

Dimethylrhamnonolactone(30mg, ) was dissolved in
an alecoholic solution of phenylhydrezine(0,7g. phenyls
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hydrazine in 20ee, ethanol) snd the solution was heat-
%ed at 85° for two hours under reflux, It was then
gfurthax heated on the water-bath at 809 until a syrup
!remainedg this appeared to crystallise on storage at
p° and trituzation with ether, but it was not possible

to obtain a melting point of the crystals.

Formgtion of Glycoside of

? The crystalline dimethyl sugar (B) (0.155g.) was
;treated with methanolic hydrogen chloride (1l0cec.y 1%)
@ntil ncq&educing towards Fehling's solution(4 houra)}
@fter neutrslisation with silver carbonate snd removal

bf the solvent a colourless syrup was obtained (0;150@.)

| The above syrup (0.150g.) was subjected to two
@ethylations with silver oxide and methyl iodide and
Et‘he product distilled at 80-1009(bath temperature)
P.OSmm. A colcurless, mobile syrup (D) (0.,145g.)

was obtsined, w,, 1,4421, Eo«l,, «17° (¢, 1.5 in water)
kirst and Macbeth(llz) record for methyl 2:3:4—tr1meth~
arlnL-rhamnoside (mixture of <~ and [~ foma)\f) 1 44235,
;Eﬂ5~15° in water.

 (Pound: OMe, 55.63 calc. for CiolipgO4s Obe, 56.3%).
bn chromatogrephic snalysis, with solvent (I) as the
geluant and using s phosphoric gecid-aniline oxalate
spray, this syrup gave a single spot very slightly
;faster than thet produced by tetramethyl-D-glucose,

gobviously corresponding to a fully methylated sugar.;

|
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é;mixture of a.uthentic methyl 2:3:4~trinethyl-L-

rhamnoside and a portion of this syrup produced on
f.he paper chromatogram, with the above eluant and

fﬁP!’aN- a single spoty, Rg 1.01.

Hydrolysis of Syrup §D2 to_the Trimethyl sugar. |

Syruyp (D) (C.lg.) was hydrolysed with agueous
jtsua.phu:.':i.«c acid (l.,lOc.c.) at 100% until the rotation |
was congtant, (Y.*S ~1.'l° «12%, haurs). (mthantie
i’:ﬁm—trimethyl-:&-rhamnose has @TS +o7° ) N Heutrel~
@sation vith berium carbonate followed by filtration |
&nd remo'ml of the solvent gave a colourless syrup(i),

E] "-24% (e, 0.8 in ethanol). (Hirst and Macbeth,
loc. cit.y record [dl 99 in ethanol for trimethyl- |

L—rham&oae) .

Formgtion of the lide,

The above syrup (80mg.) was treated with anilina
(0 18¢c., in slechol, 30ce.) at 80° for 7 hours, af‘bet
?vhich the mixture was allowed to evaporate in a
desiceator at 16%,  Crystsls were deposited after
:bome day 8. Recrystallisation from light petroleume |
bther (b.p.40-60%)-zlcohol gave colourless crystals
jin very poor yield, m.p, 111-112° undepressed on
fiadmixture with 2:3s4-trinethyl-Le-vhagmnose gnilide
(mep. 111-1120),

Oxidatio)
Keth

Syrup (D) (0.30g.) was disgecived in nitric acid
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(5 Bescey densiiy l.4) shid the solution gently heated
@o 80° over two hoursy the temperature was then alow#
Lly raised to 909 (Ll2). After 2.5 hours at this
&emperature. water (bHece.) was added and the heating
Lt 90° comtinued for a further three hours. At the %
#nd of this period, water was added and the solution |
&oncentrated under diminished pressure almost to
hrynesa. This process wes TYepeated until, after
%everal dayssy all the mitriec aecid had been removed
:b.s shown by testing the distillate for NO, [the taaté
!knvolvas reduction of N0z to NO, with zine dust and
Feetic acidy sulphsnilic seid is then diazotised withé
mhe NO forming s digpzoniuwm selt which reacts with —%
haphthylamine to give a red dyestuff. A red to
bink colour obtained on testing the distillate with
zinc~acetie acid and sulphsnilic acid-eL-naphthylaminp
then indicates h05 (118:1 The last traces of water
Fere finglly removed by solution in methanol and |
#emcval of the solventis gave a colourless syrupe |
i This syrup (0.06g.) was heated at 70% with a |
@oluticn of methanolic hydrogen chloride (3.5cg.s a%ﬁ
% hours). After neutrslisation and removal of the |
1solvent. a colourless syrup (0.055g.) was obtained, |
[]§+26 6%(c, 0 6 in water) (e¢f. Hirst and ﬂaobeth(llz)
who record (:& +47° in methanol for L»g;ghgtrimethoxyb
glutaric acid dimethyl ester). {
f The above dimethyl ester (0.055g.) was diasolved

in methanolic gmmonia snd the solution kept at 159 fox

|
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f?z hours. Removal of the solvent and storage of the
pyrup at 0% brought about partial crystallisation. |
%['he crystals had (after tiling, separation and recryss
;tallisation from ethyl acetate) m,p. 230°, slone and !
;m admixture with en suthentic specimen. This product
had (s3,+520(¢, 0.5 in ethanol) (cf. Hirst and Macbeth,
wao record Yo‘_& +80.4° 4n water &nd m,pe £30° for Le
Mtnme thoxyglutardiamide).,

| It would thus appear that the product of the |
ﬁntric acid oxidation of the fully methylated sugar(D)
?btaxned Trom the cerystalline dimethyl sugar(B) is {
:%.-Mtrimethowglutaric acid, This would indicatef
{:hat syrup (D) is methyl a:ﬂz4~tnmetbyl—1.~rhamneaide
_and the erystals (B) are 234-dimethyl-Lerhamnoses. |

, Gnar&cterination of the Raaidua.l C
‘ ~ after the € removgl o '8t

1 This syrup was ehromatographically identiesl With

7the crystels (B) and ionophoresis of the two substances,
;‘ailed to show any difference between them,

Demethylation of the syrup (0.2g.) =8 for the
(f.:ryatals gave & colourless syrup, Y_oc_):jw"(c. 2,0 in
;vater) (cf. L-Rhamnose, Yal‘;;a" in water) which on a

baper chromatogram produced a single spot, Ry 0440,
:;ldentical with L-Rhamnose,

Formation of the Anilide,
A portion of syrup (Cy) (80mg.) was converted into

|

the anilide according to the method described under

!
|
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the dimethylpentose (B); erystels were obteined which,
pfter recrystallisation from ethyl acetate conteining
a little light petroleum (b.p.40~60°) had m.p3léi-2° |

16°

K§3+1oo°——>-+7°(20hrn.) (¢4 0u5 in ethenol)

Conversion to the Fully lethylated Sugar,

|
|
f A portior of syrup (€1) (0.140g,) was converied 3
#o the glycoside by treatment with metbanolic hydrogep
bhloride (1,4%2) for 4 hours at 76°. A colourless
Fyrup was obtained which was subjected to two methyl—
ations with methyl iodide and silver oxide. Dxatilla#
pion of the resulting syrup at 100%9(bath tamparatux&)/
b lmm, gave a non~reducing syrup (O. 05255¢)!\1» b 4421.
g{ﬁf‘ «26%(c, 0.52 in water) cf. methyl 2:3:4-trimeth-
-L-rhamnoside.‘ha 1.4423, () 159 in water ( o= ?
hixture) Hydrolysis to the free sugar with N,
sulphurio acid was complete in 3 hours, A colourles?
wyru9.§f15+5°(c, 1,0 in water) was obtainmed, Rg 1.01 f
blth solvent (I) as eluant. This was identical with
%the spot: given by synthetic @33:4~&rimethyl~u—rnamnope.
gttempts to isolate a crystalline anilide weve

hnaucoessful.
g

|
i
| L-Rhamnose-H 0 (1.0g.), after dehydration with

venzene snd ethanol (6 x 20ce.)(1:1l,v/v), was convert-

|

ed into the methyl o-Lerhamnoside (1.0g.} by treate
ment with methanolie hydrogen chloride (2§j5ce.) al




80° for 40 hours. The rhemnoside wes then methylated
by 4 treatments with methyl iodide snd silver oxide
and me thyl 2:3:4—trimethyl—L-rhamnoaide (0.92g.) was
obtained; it had Vb 1,4420,

| (Found: OlMe, 55.3; cale. for CygHogOs Olie, 56.3%).
ﬁydrolysis of the syrup (0.5g.) with agueous sulphuri?
3m::i.d. (423 30ce.) until the rotation became constant |
%Cdl +30°(c. 240 in waters 3 hcnrs}} gave a eolourlesw
pymp. Purdie and Young (111) record {“13+27° and |
kirst and Macbeth (112}§§3V+25° in water for 2315314«
&rﬁmethyl-L-rhamnoae. Chromatographic auslysis of |
%this syrup and the syrup B { (ﬂ‘;’ ~24%) ghowed a
@ingle spot Rg 1,01 with solvent (I) as the eluant.

|

(a) Rhgunose. L-Rhamnoge~Ho0(0.5g.) was added
"t.o 235-dichlorophenylhydrazire (0.58.) in hot me'chanon.
(5ce.) The clear solution was evaporated to a ayru_p
pn the boiling wateér-bath, crystels appesring in the ]
jhot golution, A little ether was added to prevent |
Efbhe formation of a solid mass,. After eooling, the
:écryatals were washed with alcohol and then with ethex,
jm.p. l?()ul?lo(ef. Heuberg and Mandl(119) who record B
;!x.p. 171° for L-rhamnoée 23 5-di chlorophenylhydrazone)
(b) Synthetie 2:31d-trimeth
trested with 2:5-diehlorophenyihydragine as above, but

(0s3g8s) was

bnly unchanged material was recovered.
' (e) Syrup B, on similar tresiment, was recovered

hnchanged,
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| 2333 4=Trimethyl-L-rhamnose(0,1g,) in water(l cc.)
jEWa,a treated with glacisl scetic scid(lec.) and 234«
‘dini trophenylhadrazine(0.,08g.)« The mixture was
Ehea,ted at 50° for 20 minutes end then stored at 15°
‘for 18 hours, Unreaected matsrials were the only
praduets { 2s4~dini trophenyihyiragzine, m.ps 198%).

| Thi g experiment was repested using Le-rhaunose-
ino(lg.) and in this case L~rhamnono-234-dinitraphen-¢f
;ylhydramone(O.Qg.) was obtzined; m.p. 1635-164° (4
%recrystallisations from glochcl-ether). (cf.Dom{ngue#
(120) vho records m.p. 164° for this derivative)s |

213-Dimethyl-L-Ehamnose(107).

lethyl 4-toluene~p-sulphonyle X=L-rhgmnosgide
(1.253.) was subjected to three methylations with
;meth.yl jodide and silver oxidey the produet{l. 203.)4
isolated in the usual way, formed large erystals
vmieh, after recrystal.li sation from warm methanol,

had m,p, 1101110, W1, -32° (e, 5,0 in chloroform),

Found: Cy 52.8' H, 6, 4; Gﬁ@, 264,64 Cale, for C 6325)’75
€y 535,33 Hg 6 7‘ Olie; 25« % .

| Hethyl 2;3-dimethyl-4-toluene-p-sulphonyl ot-Le-
'rhamnoside(1420g.) in methanol{30ec.) and water(lOec,)
éwas treated with sodium smalgam(lOga.34f) ot 3859, with
istirring. for 10 hours. After filtration and extrac-
jtion with chloroform, the extracts were treated with
;carbon dioxide for 30 minmutes, dried over anhydrous |



. B -
@odium gulphate and freed from organic solvents. The
Qqueeue residue was neutralised with carbon dioxide;
evaporated to dryness and extracted with ether (4 x
ﬁ5qp.). From these operations, methyl 233-dimethyl-
jo(»L-rhamnosida(O.sog.) was obtained as a syrup,
1,4540, 61 5% (¢, 1.5 in water), This syrup was
?ydrolysed with agueous sulphuric acid (4%j325¢c.)
at 100° until the rotation becsue comstent ((élf;-sa°§
ﬁ hours) . | |
(Founds Olie, 3l.13 CgH 3405 requires OMey 52436,
| Treatment of the 233-dimethyl-L-rhamnose{U,3g.) |
;n ethanol(2.,5¢e.) vith freshly distiiled aniline |
%(O.Sg.) at 80° for twoe hours, followed by evaporation
;at room temperasture, gave a syrup whidh, on seeding
with a erystal of 2i3-dimethyl-Levheunose snilides
écrystallised and had m.p., 138~140° alone ox on admi x

‘ture with authentic 2:3-dimethyl-L-rhamnose snilides

g Gxperiments vith Filter Peper Ionophcoyesis

(a) Following the method of Consden and Stanier(lzxi

Mowochlrofenzews.

1Whatman No.) paper (50cm. long, spotted with the
‘sugars under examination at a distance of lé4em, from
‘the top) was dipped into a btuffer solution (borax
ésolution consigting of 12,4038« borie acid -+ 100cc. ¥.
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éodium hydroxide solution/litre-0.1 N, sodium hydroxe.
4ide solution; 634, v/v, so ae to produce a pi of 10),
blotted to remove excess buffer solution gnd fixed
pnto a rectangular glass frame designed to maintein
the paper stretched horizontally., The ends of the
baper dipped into plastic troughs disposed on el ther
end of g porcelain dish inte whieh the glass fraae |
Pnd paper were placeds The piesgiic troughs were
}illed with the electrolyte (btuffer solution) and the

dish with monochlorchengenc (chosen because of its

Fennity which is approximgteiy thai of wet paper).

bare was exercised Vo malntain the squalised levels

bf eletrolyte in the troughs VWelow the level of the |
phlorobensene in the disgh, After sllowing 16 mxnutes
for equilibraiion, a potential of 40C volis was ayplied
Erom a rectifier for 4 hours. At the end of this
periad, the paper was removed and dried at 15%; the
Pugarn were revesled by spraying with aniline oxalateb
Elaaial acetic acid (5:1,v/v)e After a few minutea,

| heating at 100-110°, the paper was viewed inm u.v.
hight, in which some of the monose spois have an
#ntenaa fluorescence.

| Filter paper ionophoresis under these condltions
ﬁas been uged in borate buffer at pH 10 by Foster and
%tacey(lzz) te study the migration of simple carboe |
pydrata derivatives. As an index of ionophoretie
movement the arbitrary term EG has been suggested(ll4)
Mhere.

Ui - True distgnce of migraticn of g subsiance
G True distence of mLgration of Dwglncose
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¥ true* eﬁa%ancea of migration being those that have

been determined:

| |
‘been corrected for movement due to electiroendosmotic
flow by reference to the non-conplexn-forming 231410«
tetramethyl-D-glucose, The following lig Vaiues have

i

"

|

6=deoxy=-G-methyl-ieidose (Pp. 39,87 ) 0,80
ZemathyleiwTucone (p. 38 ) G4 38 ;
Gedooxy=letdone (p. 88 ) 1.0
21 Smdimethylel-rhemnose {pe 54 ; 0.02
?M»&imnhylwimmmu | Pe 45 § 0.04

BT L o S m.-_-n e ene— . %
%methyl%rhamwa zp.zxo 2 o..sa
L-fucose P88 L $92 .. |

{b) 4n spparstue similar te that deseribed by

Foster{ls3) was sleo employed,
Paben - 60“"‘%

| | . (TN Eectrods-
wledevols MekaQ (.Oohv\%
plate .

I
iBar this mmd the monochlorobengene is dispensed

L}
;ws,m; the Whatman No.) paper (68em, long) was

§spottﬁd with the sugevs, the ovigin line being drawn |

Eha.lfww;ey batween the ends. The paper was then
iimrsed in buffer of PH1C slmest up to the origin

|
i
|

line asnd then blotted to remove excess tuffery the
 second bhalf of the etrip wee troeated likewisge, cure
teing taken to achieve two liguid fronts near to maj
Sequidiatmt from the origin lime, The moist ntripl
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haﬁ then imserted between two glass plates and these
were clsmped on to a metal ccoling plate {coneisting
of a sheet of tinned iron on to which a copper tube |
@as gsoldered in g meandering pattern, a flow of coldi
&ater through this tube affording efficient cooling).
With this apparatus relatively high voltages (750~
gOOO volts) were used, The ends of the paper atrip
@ipped inte the buffer solution ms in the previous |
far;angement; on termingtion of the ionophoresis the %'
%paper was Gried and developed as btefore. |

f By means of this high voltage ionophoresis no é
gdifferenoe could be detected between Z2:3~ and Z34- |
dimethyl~L—rhamnose. They were both found to have
Mg 0,263 nc distinction was afforded between crystahw
‘line gnd syrupy 2:4-dimethyl-Lerhamnose which both i
had Mg 0.25 (potential of 1000 volts). The following

?@ values have been determined using this high~véltagé

methodz

§ub§tgacg MG
é:3~d1methy1-L-rhamnose 0,25
Rt4~-dimethyleL~rhannose 0e25

B3 4~dime thyl-Lerhamnose 0.54
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LDISCUSOION, ‘

|

|

| Crystalline anhydrous rhsmnose (m.p,12:2-1269) wap-
bbtained by Fisher(1l0) by repeated heating of the
mOnohydrate on a water-bath and crystallisation from ;
acetone; this product was almost entively the P- farm
of the sugar. Purdie and Young{lll) attempted the
ﬂehydration by heating rhammose~io0 for long periods
under the conditions used to dry o sauple before a.ﬂalﬁ-
yaia; they found dehydration by these means to be |
incomplete. & rise in m,p, from 86-88° to 108° shsmink
that the change &-—bp had occurred to a constderablb
axtent“ Thege authors were more successful when taey
brought rhamnose~H,0 into solutiom by prolonged beil-
ﬁing with 30 timesg its weight of dry acetlone eontain~
ing 9 parts of ethanol: on cooling, b ~rhenncse,
%.p. 122«124; was ckiained, Dfficient dehydrstion

of the monchydrate was achieved in this work by
‘:bringing it into solution by heating with s mixture |
%f ethanol and btenzene(l:l); eix treatments afforded |
itha anhydrous sugar, m.p. 1209, |
T Methyl o~Lerhgmnopide wes oblteined cryatelline
by two methods, Hesting at reflux temperature vith |
@.2&% methanolic hydregen chloride solution until |
ﬁcn-reducing gave the glycoside in good yield (93—9&%}
ﬁut the reasction required an average of 40 hours for
%ompletion; also, it was necescary repestedly o

extract the silver sslte rapultirs from neutralisatio#



-59-!-

&f the aeld solution with silver carbonate and contam%
+ination with Ag™' eould not always be avelded, An |
%1ternative procedure employed involved the heating

#t reflux temperature of anhydrous rhsgmumose in dzy |
#ethanolia solution in the presence of an equal weight
éf cation exchanger (Amberlite Resin 1R-100-H)., By

|
|

fhia method the time necessary for the methanolic
éolutian to become non-reducing was reduced to 6«8
l}?eurs and neutralisamon‘with the attendant Ag"’ cont-é
%mination was avolded. On the other hand, ylields |
i?S-BQ%) were not as good as with the former method |
in spite of exbiecustive washing of the resin, Alsoy %
fer larger quaatities of sugar, correspandingly large‘
@mounts of cativn exchanger were reuuire&. when asid~§
ity developed rendering neutralisstion again neeeasarj
gt the end of the operation. 4s a rule, thevefore, |
the resin method was Yeserved for the formation of %
glyeosidea of relatively small quantities {(not exceedd
qing-ag.) of sugars, the uethanolic hydrogen chleridej
#raeedure being employed in other insitsnces. ;
% The condensation of the rhsmmnogide with acetone i
?ook place with the two gig-situated hydroxyl groups i
&t carbon atows 2 and 3, end methyl 2:3-gggyrapyliden§-
;unL-rhamnos&de was obtained, For effective canden%
;ation it was necessary to euploy freshly dehydrated |
:;md finely divided copper sulpbate, vigorous shaking
for 120 hours being desirable.

1 Treatment of the above compound with toluene-p-

{



i

sulphenyl chloride could only heve resulted in subatif—
suticn in position C4 and, as the resction was carrie?
but in pyridine, the hydrogen chloride liberated dur-g
ing thie substitution was consumed as the stable

byridine bydrochloride. As the methyl zs&mprepyu;-
dene-4-toluene~p-sulphonyl— c=Lerhaunoside was c:yst—?

ﬁlline. maxdimun purity of this derivative could be
bhtaiae&. Eethanolic hydrogen chlovide(l®) wes founé
to be the best reagent for removel of the gggprcyylid;
ene group and methyl 4~toluene-pe-sulphonyl— o =iw
?hsmnasida was obtained as an acetone~free, non-
Fedueing syrup. 2
| The removal of the toluene-p-sulphonyl group |
by the addition of the exact qﬁaniity of scdium i
hydrcxide was achieved by the use of phenolphthslein
ﬁﬂdicator; crysiailline sodium toluens~p-sulphonate
was deposited and the resuitant anhydro derivative
was extrseted from the crystalline deposit with |
se‘hhyl acetate, ‘
| Barlier work(23) on the rumoval of toluene-p~
sulphonyl groups from sugsars has proved that this wil@
teke place with ease if there is an asdjacent free
bydroxyl group in the irens- position relative to the
toluene-g»suivhonyl group, vith the formation of an
pthylene oxide~ring between the carbon stom which
barried the irgns~ situated bydroxyl group and the ‘
carbon atom carrying the toluene-p=-sulphonyl groups

Walden inversion taking place onm the latter., Iethyl
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4-toluene-p=-sulphonyl oL—L-—rhmhoside has a irans-
situsted free hydroxyl 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 Cy and Cye. Removsl of the solvent from the |
{ethyl acetate extracts followed by recrystalli aation.j
;from light petroleum (bep.40-60°) gave methyl 314~
anhydro-6-deoxy~ « ~L-taloside as apure crystalline
substance, |

Fiseion of the ethylene oxide ring can take
place in two ways and, depending on which oxygen
jbridge bresks, a 6-deoxymannoside (rhammoside) or a
‘6-deoxyidoaide 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-»niannoae (L= |
:rhamnoae) and 6-deoxy-L-idose. Hydrolysis with
ba.rium hydroxide followed by ac.tdﬂhjrdi?olyais gave
chiefly 6-deoxy-L-mannose vith only a trace of 6=
deoxy-L~-idose, as did also direct acid hydrolysis of
' the anhydre compound. Crystalline G—deon-l.-mannosb
' was in fact isolated from the last two hydrolyses.
This agrees with the result of lftller(42) who obtain-
ed both D=glucose and D-gulose by the action of acid
on methyl-3s4-snhydro- [ ~D-galactoside.

When sodium methoxide is used to cleave the
' epoxide ring, then, in all the exemples previously |
studied, fission is followed by the attachment of the
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FOMe radical to one of the carbon atoms, Walden
ﬁ.nversion occurring at the point of entry of this .
group. With sodium methoxide on methyl 3s34-anhydro-
b-deoxy- X =L-taloskde, if the carbon-oxygen bond
nearer the glycosidic methoxyl breaks, then methyl
6-deoxy-3-methyl-L-idoside would be obtained, while
ifisaion al the bond further from the glycosidiec meth~
pxyl would give rise to methyl 6-deoxy-4-methylelLe ’
mannoside (methyl 4-methyl-L-rhemnoside). Experimenr
tally both these derivatives were isolated as the freﬂe
sugars after acid hydrolysis, the former in 45.8%
field and the latter in 33.5% yield, In subsequent
Ppreparations, by altering the conditions slightly,

fbhe proportions of these two derivatives varied, but |
in every experiment the 6-deoxy-Le-idoside was obtained
in the larger qiantity. Small quantities of the |
methylglyeoaidea of rhemnose and é-deoxy-L-idose were;
plso obtained and isolated as the free sugars.
Percival and Zobrist(39) also recorded the isolation
of small amounts of free xylose snd arabinose from
%the sodium methogide fission of methylR:3-anhydro-De-
#.yxoaide and so far as the author is aware, this is |
ﬁe 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 sulphure
ic acid and the sugars separated by passage through a
cellulose columm, the resultant syrups being purified
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by dissolution in water and treatment with decolouriss
ing charcoal and filteredl. The G-deoxy=d-methyleLe
idose was obtained as a colourless syrup, @ﬂ:t-l4°,
which snglysed correctly for a 6-deoxy monomethyl
hexcae and was chromgtographicaelly identical with a
pyrup which also had {ﬁf: ~14% and was obtgined from
ihe scission products of methyl Ezséanhydg;-i;?ZL-
taloside(p.87 )i Both syrups were characterised by |
the isolation of an identical crystalline asnilide,
6~deoxy~3~me thyl=-N-phenyl-L-idosylamine, m.p.60° alone
and on admixture, The gsme crystalline phenyloaazon?
was also prepared from both these syrups, The only |
derivative which could be obtained directly from the |
fission of both methyl 334-gnhydro~ and methyl 233~

6-deox;
anhydroGL-filoside is methyl 6-deoxy-3-methy1—L-idosi@e.

Qo
AL /vy : V:>
- " HyoH
H
o H
%] Orig | I
Cuy o O
) " j L 4-Methyl-L-rhamnose,
NG

w
Methyl 3:4-anhydro- ’ 2
6-deoxy-x-L-taloside., GH,
‘ ocH o i
HO d
H I I
o H OH
. O, ’////;7
ey 6-Deoxy-3-methyl-
H H L-idose.
HO "

Methyl 2:3-anhydro-
6-deoxy-x-L-taloside,
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A small quantity of erystalline 6-deoxy-d~methyls
;—idose wase obtained in one experiment frqm the sod=
ium methoxide fission of methyl 334-gnhydro-6-deoxy=
Q-m@thyl-ot-butaloside due to incomplete methylation
bf the snhydro ecompound, This substance anglysed
Eorrectly from & 6-deoxy-monomethyl hexose and had
the same Rg in solvent (I) and the same rotationm in
hater as the syrupy produecty the rotation in ethanol§
was of the same magnitude but opposite in sign. |
3 The 6=deoxy-4-methyl-L-mannose (4-methyleLe-rhem-
bose) was isolated as a syrup which crystallised
bompletely. Ite constants agreed well with those
recorded for 4-methyl-Lerhammose snd the addition of |
p cryetal of it to syrupy 4-methyl-Le-rhammoses pre-
pared by the methylation of methyl 2:3-igsopropylidene
' ot=Lerhamnoside followed by the removal of the igg |
propylidene and glycosidic groups, caused complete
krystallisation to take places _
| The isolation of both possible fission,products%
Efrom methyl 334eenhydro~6-deoxy~L-taloside is in |
direct conformity with the results of Peal and Wiggiﬁs
?(24); these suthors obtained from methyl 5:4-anhydr&~
216-dimethyl-p-D-alloside on alkelinme hydrolysis with
fsodiumymethoxide a mixture of methyl 2:3:16-trimethyle
| (‘)-D-gluco side and methyl 23436-trimethyl-( -D—guloai%de
in the proportions of 2:1ly it does not, however, |
support the statement of Bose et al.(103) that "“the
Eopening of the 3i14-epoxide ring seems to follow the
rule that the hydroxyl group at position 4 must be
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ngg_ to the bulky primary hydroxyl group®. It mgy

well be, however, that the ~CHg group which, in the ;
\preaent experiments, has replaced the primary hydroxq
pl gfoup, has less influence on the scission of the
epoxide ring.

1 Due to its sensitivity towards chamges in pH,
bethyl 33 4~anhydro-f-deoxy~ X ~L=talogide was meilhyl-
%ated with methyl iodide apmd silver oxide(Purdie). |
%The extent of the methylation was followed by micro-g
!Zeisel determinations of methoxyl after ecach methyl»?
ation. After four methylations the methoxyl conten%
had reached a constant value and methyl 3:4-anhydro-§
6~deoxy-2-methyle « ~L=taloside was isolated as a |

|

colourlesgs mobile syrup. |

Fisgion of the epoxide ring in this 2-methyl
fderivative with sodium methoxide could give, depend- |
#ng on which oxygen bond bresks, methyl 6G-deoxy=-2:3-
;dimethyléL-ideside or methyl 6-deoxy~2ié-dimethylel~
%annoside (methyl 234-dimethyleL-rhgmnoside), In
épractiee. a single deoxydimethyl hexoside (with t
ftraces of contsminating trimethyl sugar) was obtain-
{:ed. After hydrolysis with agueous sulphuric acid, |
%a colourless syrup was obtained which partly cryatalq
Eliaed. After removal of the erystels (B) (374) the |
MOther liquors were purified by elution through a |
;cellulose column and a further yield of crystals (B)f
(50% of the mother liquors) was obtained, and in ome

fexperiment complete crystallisation took plsce,



C:ug;l:a&,s ®). 'D'\m%uxh\u.masz
supplied.

Comparison of X-ray powder photographs of crystals(B)
and of dimethyl rhaunose supplied by Dr. P.W. Kent

and pronounced by him to be different.
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The crystals (B).analysed correctly for a G-
;deoxy-dimethyl hexose snd on demethylation gave a
is‘vmp which on chromgtographic asnalysis revesled only;
;orhamnose. The erystels would therefore appeat to
be G-deoxy=2:é-dimethiieL-mgnnose (214-dimethyle-Le
grhamnose). However, a private communication
E(unpublished work) from Dr, P,W. Kent informed the
fauthor that he had isgolated a crystalline dimethyle
rhgmnose from natursl sources which he considered to;
be the 2s4-dimethyl derivetive and, althcugh his )
?aubstance was chromagtographically identical with theé
?cryatala {B), X-ray powder photographs showed the |
‘two substonces to be different, ;

Experiments were carried out to characterise ;
crystala (B)s a erystalline anilide was isolated ?
which enalysed correctly for a G-deoxy-dimethyioﬁ-
phenyl hexosyl-smine, Lactone formation gave a |
syrupy & -lactone which failed to yield a crystal- |
jline emide or phenylhydragide. Glycoside formation%
followed by complete methylaticn gave a syTrupy methyi
46~deoxytrimethyl hexoside (D) ehromgtographieally ﬁ
‘1dent19a1 with methyl 283:4d~-trimethyleL-rhsmnoside;
imoreover, the specific rotation of (D) agreed with
that reported by Hirst and Macbeth(1l2) for an o = (|
mixture of methyl 2:3:4-trimethyl Lerhammosides, |
Hydrolysis with acid, however, gave a trimethyl sugai
whose fingl rotation in water was siightly negative,:

in contrast to the value of (El-+°7° recorded for
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§2:3:4-trimethy1-L-rhamnoae. Anilide formation gave

fa poor yield of the erystalline amnilide, m.p. 112°
;alone‘or on admixture with 2:3:4-trimethyl-ﬁ-phenyl-?
jrhamnosylamine. Oxidation of the trimethyl sugar
‘with nktric acid followed by ester and gmide formatidn
gave a partly crystalline syrup. The rotation of |
;this syrup was very similar to that recorded for L~
igggggtrimethoxyglutaric acid diguide, and the
icryatals of the amide when freed from syrup had BePe |
%230” alone and on sdmixture with suthentie L-grabo |
jtrimethoxyglutaric dismide. Had the 6~deoxy~ .
dimethylhexoside (B) been the second possible deriVa{
stive from ring fission, namely methyl 6-deoxy~2: 3= |
dimethyl-L-idose, then glycoside formation and comple@e
methylation followed by nitric acid oxidation would

yield inactive xylotrimethpxyglutarie acid.

Coom
oy
3
W,0H “"‘°3 oo
“
H .

om3 oq-«s O 3 OCH 5
; 213:4-gﬁggggggl'L' L-Arabotrimethoxyglutaric acid.
! COOW
¥NO,
H,0H -—-—4?
6-Deoxy-2: 3 4: —trimethyl -L- i- zylotrlmethoxyglutarlc a01d

idose.

liore recently, the Birmingham laboratories have 5

carried out a synthesis of 234-dimethyl-L-rhamnose by
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the use of trifluoroacetyl derivatives, a brief
mention of which is made in a recent journal(ll3), but
Fa detailed account of this synthesis has appeared a&
: kar. Througk the courtesy of Professor Stacey the

author was supplied with the constants of this ‘
eynthetic derivative end an X-rsy powder photograph [
of the anilide. Below is & comparison of crystals i
(B) with the Birminghem 2:4-dimethyl-rharnose

[ Properties 23dwDimethyl-Le | GwbDeoxy odmetayl
rhamnose synthes< hexoside isclgted

tised at from methyl 33é-
Birmingham, anhydro=Gedeaxy=i=
methyl-Le-tglogside,
Fhysical state | Hygroscopic Needlesa
.Olid’ HePe 82
m.p. 91"926
bpecific '
rotation |+79 in +14.5%— «3° in
ethanol. ethenol (24 hours)
Rg 0487 0.86
lAnilide Mepeidd-142° iy Pel 41-1420
anilide + 156940 +110%—>+ 7°
(ethanol) (24 hrs.) (20 hrse)

Through the kindness of Dr, Beevers an A=-ray
powder photograph of the snilide was taken whieh
proved to be identical with the photograph from
Birmingham of their suilide, i)

In view of all the above results it is therefcre.;
s:oncluded that erystals (B) ave 6-éeoxy-234-dimethyl-é
i.-manno ge (2314-dimethylelL-rhamnose).

Since the other possible fission product; €~deoxy-
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213-dimethyl-L-idose, might be present in the mother
iiquors-syrup (Cl) in spite of the chromatographic
identity of this substance with the crystals (B), L
experiments were carried out to prove the constitutioh
bf this syrup. A cerystalline gnilide was prepared |
which had m.p.141-142° undepressed on admixture with |
the gnilide from the crystals (B). Demethylaotion :
@xperimenta gave onuly rhganose and glycoside fonmati@a
fellowed by complete methylation afforded s syrup |
with constants closely resewbling those of methyl
2131 4-trimethyl-Lerhonnoside and indistinguishsble
?from it on chromatographic analysis.
? It seems very unlikely that the syrup containg |
:any f-deoxy-214~dimethyli-L~idose gince very heavy ;
gapotting of the demethylated syrup {C;) failed to |
greveal any traece of the other augary Ifurthermore, |
the specific rotation of the demevhylated syrup,ﬂﬁ}tf
;*—60, is very close to that recorded for L-rhamnoae.i
% E{ﬁ?&8°, while €-deoxy~L-idcse has ‘?KZ'*Eﬁﬁ. In E
view of the difference in rotation (crystals, Yé}:. |
414.5 — ~3° in ethanol; syrup (Cy), t«]‘f-w" in
ethanol) the mogt tempting hypothesis is that the
syrup (Cy) is a mixture of the K-(%>~forms and the |
erystals represent the @;form of 23é4-dimethyl-Le
rhaunose. ,
While in the unmethylated derivetive fission of
both oxygen bridges tekes place and the two expected?

‘monomathyl derivatives were isolated, the position oﬁ
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a methoxyl residue in position C, appears to cause a
preferential splitting of the ring:. the oxygen
bridge furth.ér from the methoxyl group bresks and the
entering Olie radical asttaches itself to carbon atom
4 in a trang- position relative. to the CEz group on
carbon atom 5, This is in agreement with the resultis
of Percival and Zobrist(39) who obtained only 335
dimethyl-D-arabinoge from the cleavage with sodium
methoxide of methyl 2§3-anhydroweb-methyl-D-lyxosides |

™ 0|

Q o
" e O(‘Hs %O QHJ
) 3 Na. OMe; W,0H
H H,50,. H
/" " I
I

O(H3 aM 0(.‘-(?

Methyl 3:4-anhydro-2 - 2:4-Dimethyl-L-rhamnose,

methyl -6-deoxy-o~L-taloside,

U O -Crly
o (<, 7% H “3
N MM") H,oH
ws°4

3

Methyl 2:3-anhydro- 5:5-Dimethyl-D-a£abinose.
S5-methyl-D~-lyxoside,
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It is perhaps also relevant to point out that
in so far as the -CH3 group in rhemnoge can be comp~"
ared with the primary hydroxyl group, this result
ie in sgreement with the contention of Bose et al.
(103 ) thet in the fission of 3:4-anhydro rings the
hydroxyl et C4 must be trans-situated with respeat

to the primary hydroxyl group.




{b) Derivatives from L (=)Fucose.

0f a variety of substsnces in which Le-fucose is |

present the best source of this sugar is the genus

|
|

Fucaceae of the common brown seaweeds (FPhaeophycese).

L-Fucose was obtaiﬁed crystalline from the brown
%aeawe@d Tucus vag&ouiegug in two ways:

| 1. by processing the wbole weed, and

| 2. by first preparing fuccidin and then
éaxtracting the sugar fyrom this polysaccharide.

| freparation of L-Fucose from fucug vesiculosusy

The weed, kindly supplied by the Scottish S&aweﬁd

Research Association, Inveresk, liidlothian, was |
fcolleeted at Ardbann Zay, LKerrera Sound, in August |
.1950. After wasuing with water end removal of the
ﬁaxge ghells, the spegweed was dried onrn & rack at
aauéaa for 48 hours, and groand in & Christy and
merris mill fitted with a 1/64" mesh screen.

. The dried and milled weed (10kg.) was soaked 1ni

cold % (w/v) aqueous sulpburic acid (3 litres) for

18 hours. After removal of the acid by deaantaxiun;
and filtration, the seaweed was heated with 2% (w/v)
aqueous sulphuric acid (8 litres) at 100° for 72 heuﬂs.
The undi ssolved material wae removed by filtration
and theroughly washed with water, the washings

(2 litres) be ng collected and combined with the E
filtrate,



|
R |
|
| The sulphuric acid in the filtrate was neutral-
f:ised to litmus with barium carbonste (150g.)s & few?
%dropa of captyl aleohol being added to contml'foam-E
gzins. The barium salts were removed by filtration
and the clear filtrate was treated with lead scetate
;tc remove alginates snd proteins, After removal of
jthe precipitate, the excess lead in the filtrate was
feliminatad by the cautious addition of the required
%amount of 48, sulphuric acid solution, It was found
éthat. on an average, 1 cc. of 4N, sulphuric ascid
gsolution for each 200 ce. filtrate was the minimum
EVOlnme of acid reguired. After removal of the last
gtraoes of lead gulphate by filtration, the cleer
gfiltrate was evaporated to about 2,500 eg., freed
%from precipitated salts and further concentrated
iunder reduced presgsure to 200 ce, i

Warm methanol (1 litre) was added to this solute

:ian precipitating o granular material which was
gramoved and washed with three portions, 150 ce., ecachy

'of the same solvent, Lther (600 cc.) was added to

;the methanolic filtrate, more impurities being prec-
:1pitated and removed by centrifugation. These E
impurities gave = strongly positive naphthoresereino}
gtest indicating the presence of hexuronic acid(s).

% The solution was concentrated to 100¢e., an
equal volume of alcohol was added and the precipitat+

?aed impurities were vemoved., This process was |
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repeated until no furiher precipitation occurved

with aleohol, The fianal cleer filtrate was taken
to dryness giving a syrup (31.5g.)y () = 669 (e,
*a..a in water), ' |

An attempt was made at this stage to exyetsllise

& portion of the fucose, The thieck syrup {(5g.)s
efter prolonged drying to reduce the water content,
was dissolved in absolute alcohol (20ce.) and the
solution kept at 0%, Partial crystallisation
occurrved after several days, the fucose oblalned
being impure and in poor yield, \_97&‘;’- 892 (cy 2.0
is.n water). The purity was judged from the specifie
%:mtata.on, assuming the equilibrium dyof pure
Lefucose to be ~76,0% in water (100].

§ The thick syrupy crude fuccsee (20g.) was
aissolved in ebsolute aleohol (40cc.), glacial acetic
acid (8 drops) and phﬁy&mne {6ce.) were addeds
the e¢lear, viscous sclution was kept at 09, crystals
eppearing within J0min, The precipitetion of the

phenylbydrasone was complete after 18 hours, a solid
vellew mass being obtained, The latter was filtered
and carefully weshed thrice with Seg. portions of
absolute sleohol cooled at 0%, followed ty two weshe

Mnse with See. portions of ether. The crude phene |

éaylhydrmne was badly conteminated, Lut the repeated,
| }

?waahtnsa yielded 12g. of pure, colourless fueose
§phanylhydramne. Processing of the mother liquors

|
i
|
i
;
| i
, |
{ i
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afforded further guantities of thie derivative, which
were also purified,

The pure phenylhydrasone (12g.) was decomposed
by heating st 100° for 3 hours #ith an equal weight
of 'benzal.eiahyde in an agueous slcoholie aaluu}m
(75ee.860¢c8,) and in the presence of a small quantity
of animgl chareoal, After cooling, the benzaldehyde
phenylhydrazone was rewoved by filtration through a
“hin layer of decolouri aina charcoals Yhe filtrate
was extracted thrice with chloroform (10Ues.) in
order to ramove benzole scid and excess benzsldehyde,
The agueous layer u.ﬁ' concentrated in ¥Yaoug, crystale
‘suuuon veginning falyly quickly and being completad

tenga at 0% over 24 hour o
dg. pure fucose, S «70,2% (ey 20 in
water), B.Ps 140-1423

| In the subseguent repeated preparations of fuece |
Ewse by the above method, which is essentially that
gdascribed ty Tollens et ale (101) as modified by

émtrk {102), the recoumendations made by Hudsen et
‘8l, (100) were adopted, Thus, the seeweed hydroly-

‘18ate wes worked up as before btut the sdditiom of ‘

lead scetate wae omitted, Alsoy, in some cxperzmnté.

|
neutrelisation of the sulphuric ecid in the hydroly-
ssate was effected by the addition of caleium carbone

{
|

‘zate followed by the necessary asount of csleium

|
i
|

hydro:d.do. « The preliminary cold sulpburie aeid |
'aoluunn washing was sowmetimes omitted as it was

lt’ound t0 extract as much ap 208 of the fucoss pmsent

| |

|
! |
| . 1

| |
‘ |

| |
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in the geaweed, On the other hand, preliminayy cold
@eld trectment of the weed removes the bulk of the
mineral matter, which is therefore eliminated before

@ydrulyn&s and does not subseguently contaminate the
!fucooe phenylhydraszone precipitate. Alsc, eold acid
extrects wost of the manni tol present in the seaweed,
thus rendering the concentrated hydrolysate less
viscous and the hydrazome ie more resdlly filtered ?
from the wother liquore. It seemed, thevefore, on
the balanes desirable to trest the weed with cold meid
before hydrolysis.
| The addition of animsl ehereosl to the neutraliee
!

mad hydrolysate considersbly lightened the colour of
the latter when gllowed to stand foy 16 bours.
| Representative yields for the prepavation of

cryetelline Lefucose by processing the whole weed wezpn
ggggg yesiculogug (500g.) — syrupy fucose (42g.) —>
bwuda. badly contaminated fucose phenylpydrazone{89g.)
n—+>-9“ro fucose 9&eaylhydraneun(10~153,}—e> erystalle
ixine LefuC080( =780 ) MeDe140w142 4 Vs w70,2° (o) 240
}n HgO). |
%
Fucoliding a polyfucose ethereal sulphate cccure
mting a8 a oellewsll mucilage in wll Fhaeophyceae, wad

|

r
fbund to be o more sulteble source of Lefucose than |
l

ﬁhe whole weed, As no especlially good source of
fucoldin exists, fucus yeslgulosus was again mP“’"i
pecamso of ite ready ovallability,

{
|

|
|
?
|
|
[
|
|
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frepargtion of TFucoidinu,
The dried, milled weed (200 g.) was heated with

water (2000 cc,) at 100° for 8 hours (pH of mixture
55 8) with stirring. Water wae used as the extract-
ing liguid, as with it there is less chance of
~degrading the fucoidin by partial hydrelysis thean wit?a
aeid. After extraction, the weed residue was centr—f
ifuged. washed twice with water (800 oo, portions) |
%a.nd discarded, Repeated experimente showed that
imore efficient extraction could be achieved by
;increaamg the walersweed ratio, the extraction time,
ior the number of extractions. As a rTuley, 2000 ce.
;water were used per 200 g, seaweed, three extrgctions
'gof 6-% hours each being adequate. |
5 The combined centrifugate and washings from the |
Eextraction were evaporated at 50°/20 mm, to dryness
Emd the brown glass (approx,llC g.) rediesolved in
-water {1000 eg.) The sclution was treated with
‘alcohol to 20% (v/v) concentration, and the brown
m'aeipitate (containing most of the soluble alginate)
diecaxded. The alcoholic centrifugate was further
*treated with zlcohol to 60% (v/v) concentration =mnd
Acrude fucoidin was centrifuged and isolated as a brov#;
powder in approx. 50% yield.
Purification of erude fucoidin,
Crude fucoidin (50 g.) was dissolved in water

(500 ec.)s 407 formaldehyde (18.gc.) added, the

«
|

'solution evaporated inm vacuc at 50°, snd the glass
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obtained dried for 6 hours at 50°/10mm, The glass |
was extracted with hot water (1000cc.) =nd the :!.nac:ﬂ.aj
suble residue centrifuged, washed with hot water |
(300cc. of washings being collected) and discarded, ‘
The formation of this insoluble residue is due to theé
addition of formaldehyde snd effects considerable
%purification. which is, however, accompanied by an |
approxe. 20% lose of fuceidim, The centrifugate snd
‘:waahingn were treated with sodium chloride (3g.), as
a help to coagulation, and alcohol was added %o 70% |
| |

!
|
{
1

(v/v) concentration, when fucoidin is precipitated,
%centri fuged, washed with aleohol eud ether, dried mﬁ
ground to an almost colourless powder (30g.). |
| Pure fucoidin (2g.) was dissolved in water and

treated s second time with 407 formaldehyde (8,75cc.}

i

‘a8 above: no insoluble precipitate wae obtained
showing the fucoidin prepared as above to be pure,
The latter was recovered unchenged on precipitation

with aleohol,

Purified fucoidin (10g.) was hydrolysed with
;0.511. sulphuric acid solution (400cec.) at 100° for |
4 hours; the hydrolysate was neutralised by passage
'through a resin column (Amberlite IR-4B-0H) and the 4
effluent combined with the agueous washings (200¢e.)
of the resim. Evgporation under reduced preasure at

509 gave a yellow glass which wae dissclved in water



o 98

3(40(:0.); aleohol (400ec,) was added, the brown stick;ﬁ
precipitata removed by centrifuging and the centrifug-
sate evaporated to a syrupy glass (5g.).

The glass was digsolved in water (6cc.) and |
alcohol (45&0.), phenylhydrazine (5.58.), and glaciau
iacetic scid (lee,) added, the solution being kept at%
%0° for 48 hours, The erystalline fucose phanyxhydr-ii
%;azone was removed by filtraticn, washed twice with |
slcohol (10ce.) end dried in yaguo over phosphoric

oxide to an offe-white solid (2.9g.) (Yield: 45%)(Base

lon a fucose,(CgH1p05) content of 41% in fucoidin), |
mo. 1681700, |

The phenylhydrazcne was decomposed by suapandiné

i

T

‘the solid in water (6500.), benzeldehyde (1.78.)

‘added, and the mixture heated at $0° for 60 min, wit&
ifrequent stirring, After cooling to 09, the benzaM
i:dehyde phenylhydrazone was removed by filtration,
?the filtrate extracted thrice vi th chloroform (low.i
Portions) to remove benzoid acid and excess ’benzaldevlr
;xhyde and evaporated in vacus to a pale yellow syrup%
(2.053.). A trace of absolute alechol was added a.m]i
the gyrup seeded, when it erystallised quickly. |
After 4 days at 0° the crystals were filtered, washefﬁ
‘with absolute alcohol and dried (1.58.)s 2092 152-136%,
The low n.ps shows the fuccse to be conteminated with

minersl mattery moreover the yield from fucoidin is
' about 40%. |

Prepagration of L-Fucoge fxem Fugcidin ’
uging Ion sxchange Resing, |

since the most serious loss of yield in the



[
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hbove deseribed preparation of fucose is at the

#ormation of the phenylhydrazone, where about 50% of
Fhe fucose in the hydrolysate is lost; it was attemp{
%ted to crystallise fucose direetly from the fucoidin
hydrolysate after removal of salts and the aecid with:
anion and cation exchange resins, |
Purified fuccidin (10g.) wes bydrolysed with

O.5H, sulphuric acid solution (800ee.) at 100° for

4 hours, and the solutiom centrifuged to remove a
snall brown precipitate. The pele yelleow centri-

:fugate was passed through a resin cclumn (Amberlite

|

IR=100-H) to remove cations, and the effluent neut-

fzralised by allowing it to percolaste through a seconq
(1arser) regin column {(Amberlite IR-4B-0H), The
affluent and aqueous washings (1000cec.) of the resina
were combined gnd evaporsted under reduced pressure |
at 50° to a syrup., 1The latter was dissolved in ;
water (40ce.), aleohsl .(400e,c.) added, and the brom?
precipitate removed by centrifuging, Purther
impurities were removed by coucentrating the eentri-i
s fugate agein to drymness, extracting the residual i
syrup with absolute alcohol (100ce.) and centrifuging
Efrom the undissolved materiagl, this process being
}repeatéd until no further precipitation of the uyrup§
iwith aleohol occurred. Finally, the solvent was
evaporated to give a yellow syrup (4.6g.) which was

‘dissolved in the ninimum amount of absolute aleohol,

'seeded and the soluticn kept at 0°, Crystallisation
1‘ s
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set in feirly quickly and, after 4 days, the fucose
,erystala were filtered, washed twice with a.lcohcl(zcc.‘ )
and dried (2.3g.).
| (=3, ‘699 (ey 2.5 in watar), m.p. 130-155 5 t
| Although this product was slightly less pure thdn
Ethat obtained by the phenylhydraszone method, the yield

%has been increased from an average of 404 to an
?average of 604 from fucoidin).

| In all subseguent preparations of L-fucose the
nusar was obtained directly from hydrolysed pure

fueaidin by means of anion and cation exchange resins.
Reexyptaliisatior of fucose, f

| Some purification {(judged by a siight increase
iin the optical rotation) was effected, as recammendeé,
’by Hudson (loc.cit,] by dissolving the fucese in the!
;minimm smount of water, evaporating to dryuness, j
?diﬂﬁolving the yellow syrup in the minimum smount off
%&bﬁﬂlute alechol and storing at 0°, Cryatallisation
occurred at times spontaneously, and at others on
gaeeding. The washed and dried crystals had {0‘1 ]
-72° (cy 2.2 in water).
The yellow colour of the syrup (=md the accssion
'8l yellowish tinge of the crystals) could be removed-
by heatiug the aqueous solution of the Wrup vith & &
%nttle charcoal, Filtration and evaporation yieldea
a colourless syrup which, when treated as above withf
i

'absolute alcohol, gave colourlzgs erystals of L=

 fucose, m.ps L40-142°,
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Methyl ot-LeFucos

Lefucose(2,408.) s m.Pp.145%, Eo?l:"-vz"(c, 2,02 1xf£
water), was dissolved in dry methanclic hydrogen
chloride solution (90cc.; R.5%) and heated at 70°
under reflux until non-reducing to Fehling's solution
{4 hours), After cooling, the solution was neutrai=
iged with silver carbonate; the latter was then |
removed by filtration and extracted with hot ehloro-g
form four times. The combined filtrate and extrscts
were taken to dryness under diminished pressure at ;
300 affording crystalline methyl o-L-fucoside(2.01g.)
B.p. 166-161°, (&% «198° (e, 1{0 in water). |

In a second experiment, Lefucose(2.50g.) was
dissolved in dry methanol (50ce.) and heated uﬁder
reflux a#70% in the presence of cstion exchsnge reai#
(Auberlite 1R-100-Hj 3.0g.) until the sclution became
‘non~reducing to Pehling's solution (10 hours). Thef
resin was removed by filtrastiorn and washed with wann§
methanel (6 x S5ee.). Eveporation of the combined |
washings and filtrate gave the glycoside(2.08.)s
MePelB0-1609, Yiif.zoo (es 1.5 in water),

et -igoPro idene-X~L-fucoside,

Methyl ««Lefucoside(2.08.) was dissolved in
dry acetona(lsﬂqé.)s acetsldehyde (4 drops) =and
anhydrous copper sulphate(s8g.) were added and the ;
mixture was vigorously shgken for 120 hours. Subsgequ~

ent treatment as descrihed ir the isolation of this



“ 84 -

derivative of rhamnose (p. 31) gave a syrup which
distilled at $5% {(bath temperature]/0.0lmm, Yield:
1.858.3 VY5 1.46213 B4, -160%(c, 1.1 in water).

In a second experiment, methyl X«L-fucoside
(2.35g.) gave the isopropylidene compound in better |
vield(2.50g.), distilling at 110-112°(bath temperatu#e)
/0,0%ma., vy 1.4630. |

liethyl 334-isoPropyliden -4~ toluene-p-sulphonyle X
L=Tucoside, ;

Methyl 3:4-igopropylidene- XeL-fucoside(Ss228s)
was dissolved in dry pyridine(30ecc.) and finely ;
powdered toluene-p-sulphonyl chloride (6g.) was added

in half-grsm portions, the solution being cooled in
ice~water and frequentlyvstirred; it was then kept i
:at 159 for 40 hours and at 25° for a further 8 heurs{
:The originally orange colour c¢if the solution 1nereas{
1ﬂgly deepened until it became a dark red, when big ;
crystals of the toluene—g—sulphonyl compound appeared;
:large feathery nrystesls of pyridine hydrochlovide |
were also deposited. The mixture was poured onte
crughed ice with stirrimg,Awhen a erystalline solid
wag obtained slong with an gmorphous powder. The
erystals and powder were removed by filtration.
Extraction of the fiitrate with chloroform (4 x 100ge.)
as described on p.32 afforded a further omg. of |
smorphous powder, Total yield:s 3,6lg, Large crys-

tals, M.P.2000; small erysials and amorphous powder,
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m.p.185-186°(recryat. dry methanol)s Y}l: -146° (e,

l 0 in chloroform)

Founds C, 54.8§ H,6,53 Clie, 8.45, Cale. for 017H24Q7S:

Cy, 54.8; H, 6,453 Olie, 8¢3%.

liethyl 2-toluene-p-sulphonyl X -L-fucoside.

Crystalline methyl 3:4-1sepropylidene-zotoluene-
[g-sulphonyl-tx-L~fucoside(3 60g.) dissolved in dry
methanolic hydrogen chloride solution(80¢e.31%) was
heated at 709 under reflux for 75 minutes. The
‘solution was then neutraslised with silver carbonate
‘and, after filtrstion, the silver residues were

lextracted with alcohol (4 x 25cc.). The combined

;extracts and filtrate were tasken to dryness yieldingz
crystalline methyl 2-toluene-p-sulphonyle o -L-

fucoside(3.31g.), m.p. 159-160°, ‘@§§°-85 (ey 140 in|
‘ehloroform).

Founds C,51.453 H, 6,39, Calc. for Cp4H2007S.
Cy50.63 H, 6,082, ;

Uethyl 233-anhydro-6-deoxy=X-L-taloside,

Crystalline methyl 2-toluene-2-sulphonyl-cx-Lm i
fucoside(3.30g.) was dissolved in ethanol(30cc. ) and
titrated with sodium hydroxide solution at 75° until
permsnently pink to phenolphthalein(g.ooGn.;gﬂ.)

The solution was thenm allowed to stand at 159 for

18 hours in the presence of a slight excess of alkali.
Large crystals of sodium toluene-p-sulphonate which f
‘had depositeéd overnight were removed by filiration
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gnd the filtrate taken to dryness yielding a cryatal-%
tline solid admixed with syrup. This product was %
éxtracted with cold, dry ethyl_acefate (6 x 25¢c.)

end with boiling ethyl acetate(20ce.)j removal of the
golvent from the combined extracts afforded crystalliﬁe
methyl 233-anhydro-6-deoxy- x~L-tsloside(1.70g.),
ﬁ.p.95-97°(reeryat. from ethanol as very light haire
like wavy strands), Y§1:0-88°(e. 2,0 in water).

Founds C.52.453 H. 74314 C7H1204 requres
Cy52.85 H, 7.5%.

This substance is extremely volatile and very soluble
in methanol, ethanol, acetone, chloroform and

petroleum ether,

A&ﬁgling hydrolysig of methyl 235~gnhydro-6-deoxy -
- Ke=b=talogide.

Crystalline methyl 2:3-anhydro=-6~deoxy= X =L= é
taloside(0.35g.) was dissolved in dry methanol(ﬁﬁcp.)§
#ontaining metsllic sodium(0Q,35g.) =nd the solution i
was heated at 75-80° under reflux for 19 hours. ;
$ubsequent treastment as deseribed for the fission of f
ﬁethyl 3314~anhydro=6-deoxy- X -Le-toloside(pss7 ) gave a%
yellow syrup(0.52g.), u’;’lmme. 0.8 in water). |
Thia syrup was hydrolysed at 100° with aqueous aulphur-
ic acid (15qp.; 4,) until the optical rotation becwme
¢onstant ( [?1D ~133 3 hours). This syrup was neutof
raliaed by being allowed to percolate through g resin
¢olumn (Amberlite 1R-4B-0H), Removal of the solventi
from the effluent gave a colourless syrup (0.2lg.) |
which. on chromatographiec examination (with solvent G)
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as mobile phase) Ehoied two spots., = The slower one,;
'Rg 0,50, was presumed to be 2-methyl-Lefucose. The:

| faster spot, Rg 0.75, Mg 0,80 was identical with that

|produced by 6-deoxy-3-methyl-L-idose obtained by a

w ’ 1
similar series of operations from the sodium methoxide

;aciasion of the anhydro ring of methyl 5:4-anhydro-ei
ideoxy- X «Letaloside, ‘
1 Subsequent preparations also gave traces of fre+
%fucose. |

| Separagtion by chromgtogrgphic adsorption,

The above mixture of sugars(0.20g.) was separated

|

%into its components on a column of powdered cellulosé
08},  The solvent employed for elution was_pnrifie&
élight petroleum ether (b.p.,110-120°)-n-butanol
ésaturated with water (50350, v/v).

| Fraction I (0.,150g; 75%), a pale yellow syrup,
%G-deoxy-s-methyl-L—idose, had E¥1:0—14°(c, 0.7 in
_éwater), (Found: OlMe, 17.53 Cylly,0g requires Olie,17.4%),
éand Produced a single spot, Rg 0.75, on thé paper

fchromatogram using solvent: (I) as the mobile phase.

|
\

‘Thls syrup was mixed with 6-deoxy-3~methyl-L-idose
Qi& -14%; ¢, 0.06 in water) obtained from methyl |
[

‘3:4—anhydro—6-deoxy-c&-L-taloaide (pe39) and the
‘mixture run on a paper chromgtogram with the same

'eluant as above: a single spot, Rg 0.75, was obtains

—

1
‘ ed, These two derivatives, having the same optieal\
'rotation and producing on the paper chromatogrem the

' same single spot, Rg 0.75, also revesled identical
' spots Mz 0.80 on filter paper ionophoresis,




Fraction I (50mg.) on heating in ethanol(lOcc.)

Wi th aniline(0.2¢c.) at 80° for 5 hours gave a crystal-
#11ne.anilide, m.p.62-3°(recryst. light petroleum, %

lb.p.40-60°) undepressed on admixture with 6-deoxy-3-i
nethyl-N-phenyl-L-idosylamine, m.p.62-3°(p.39 ), r
4btained from the 3t4-snhydroderivative. g
E Fraction I(60mg.) was converted into the phenyle |
+Sazone according to the method described on p,40 .
A cryafalline osazone was obtained and had, after
#eeryatalliaation from asgueous ethanol, m,p.122-39,
+ndepresaed on admixture with 6-deoxyed-methylel-
ﬁhenyl-L-idoaazone.
! Fraction IX1(0.030g.315%), Eu'&l:"-zz"(c, 1.0 in
+ater, Rg 0450 with solvent (I) as eluant, was
%resumed at first to be 2-methyleL-fucose. However,
#ucleation with synthetie 2-methyleL-fucose failed to
' *nduce ¢rystallisation, and a mixture of the two
ubstances on a paper chromatogram with the sane
luant as atove revesled two spots: synthetic 2=
ethyl-L-fucose, Rg 0.59, and a slightly slower spot,
0,50, Paper ionophoresis showed much greater
ifference in the mobility of the two substances.
;methyl-L-fucose had ilg 0,33, while the syrup from
raction II had Mz 1.0, and Lefucose had iz 0.92.

Admixture of this frsction with 6-deoxy-L-idose

i
t
isolated from the fission products of methyl 334~

|
fpixture showed a single spot, Rg 0.50, with solvent (:;t)
|




:
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as eluant. f

Recovery from the chromatographic separation: 9Q%J

|

Synthesis of “-methyl-L-fucose for comparison,

llethyl 3s4-igopropylidene- X-L-fucoside(0,27g.)
was methylated four times with methyl iodide and

silver oxide to give a yellow syrup(0.30g.). The

opropylidene residue was then removed by boiling |

th dry methsnolic hydrogen chloride solution(1%) aJ
PboVe and the product(0.22g.) was hydrolysed with
aqueous sulphuric secid(lbce.34%) =28 described before
(pe86)y neutralisation being effected by percolation
of the hydrolysate through a resin column (Amberlite
LR-4B-0H), Evaporation of the solvent gave crystal-
line S~methyleL-fucose(0.18g.), MeP.150-~1529, E&X:c
~73%(e, 2.7 in water), producing s single spot, Rg
0.59, on the paper chromatogram with solvent (I} as

eluant.

dethyl 534~ dro=4-methyle X=li=tzlos de

|
|
1

Due to its sensitivity towards changes in piH,
ethyl 2:3-anhydroe oc=Letsloside was methylated withg
silver oxide and methyl iodide., The extent of E
methylation was'followed by micro Zeisel determinatijn
of methoxyl content after each methylation. After |
four treatments with Purdie's reagents a completely

crystalline product (0,95g. from 1,10g.) was obtaine&.

|
i
|
|
1
|
|
|
I
|
|
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Reerystellisation from acetone«light petroleum

16
(beD.40-60°) gave long needles, m.p.l08+110°, o1,

*0.0%(¢y 0,7 in ethanol, acetone end chlorveform).

Founds C,54,73 K.B.l; Uliey 58.04 Calcsfor 0831‘04
Cy55.283 KQB.’-' 0“0335.%0

Crysteliine methyl 2il-anhydro-demethyle Xele
taloside(0,90g,) dissolved in dry methanol(80ce,)

conteining metallie sodium(0.8g.) was heated under
eflux at 80° for 19 hours, The product was nola,te?
¥ described previously for the unmethylated derivate
ve(pe 3%+ A mobile syrup(0.70g.) was obiained;
® wes hydrelysed with aqueous sulphuric acid
Hece3di)y neutralisation being effected by sllowing
he hydrolysate to percolate through & resin coluun
Anberlite lR-4B«0H)., Removal of the solvent
forded a reducing syrup (F) (0.418.)s Y_{&f’owﬁc.
«4 in methenol), which showed a single spot, Rg 0.80,
n the paper chromatograsm with solvent (I) as eluents
(Founds Oliey 31,83 Cgllyglg requires Olie, 32.3%).

(a) Demethylation. Syrup (7) (50mg.) was treated
th hydriodie acid (sp.g.1.732¢c.) s described on
¢45 « After deionisation s syrup was obtained

ich produced on the paper chromatograsm a single spot,
Rg 0.2l with solvent (I) as the eluant, isdistinezizs.




‘ [
1 |

w P - %
i |
#ndistinguishable from that given by L-fucose. f
|
|

(v) liethylation, Syrup (F) (0.lg.) was converted
;nto the glycoside and methylated with Purdie's |

;reagents; hydrolysis with 4% agqueous sulphuriec a.cid 1
afforded a syrup which produced on the paper chromato%-

|

gram a sihgle spot, Rg 0,95, with solvent (I) as ,

|

blua.nt. corresponding to that obtasined from e.uthentic' |
Fzs Std=-trimethyl-L-fucose,
(c) Syrup (F) (0.235g,) was converted into the

glycoside by refluxing wiith methanclie hydrogen

*:hloride solution (24ce.; 2%) until nonereducing i
ftowarda Fehling's solution (3 hours)., This afforded
p syrupy glycoside, Eﬂb -30%(¢, 1.5 in ethanol). Tais
kyrup was methylated with Purdie's resgents (5 trea,t-f
ments) when the product erystsllised sponteneously
pn removel of the solvents (0.15g. pure crystals) |
!;l.p. 92-959, mixed m.p., with suthentic (especially :
#Jrepared) methyl 2:3:14~trimethyle X-L-fucoside (m.p.
94- 79) 91-96°, Tl =200°(c, 1.0 in water)s [ ef.

§mith(116) i Ay acl)ld ls ~196%(e, 0.5 in. |
#ater) for methyl 2:3s4~trimethyle ceL-fucoside .

| Found: C,54,05; H,9,063 Olie,55.4, CyoHo05 requireaw
| Cy 54,555 H,9,093 Olie, 56435,

ﬂ‘hese results indicate a fucose configuration for (F)

which would then be 234-dimethyl-L-fucose.

|
»

| Synthesis of methyl 233i4~trimethyle o «L-fucoside
and 235s4~-trimeth x L=fucoge direct methyle
E4

g sation methyl ot=L-fucoside,

L-Fucose(2,0g.) was heated at 70° in dry methan-



ﬁlic hydrogen chloride solution (90cc.; %) until
non-reducing towards Fehling's solution (4 hours).

The methyl ot=Lefucoside(2.08s)s MeP.157-158°, was
methylated bty four trestments with methyykodide and

ﬁilver oxide, a small volume of dry methanol being

éadded at the first treatment to effect complete
dissolution of the crystals. Removal of the solvents
after the fourth methylation afforded a product which
krystallised spontaneously, methyl 2:3s34-trimethyle
;Q-L-fucoside(z.oslg.). Mmepe94=-979, Y_d'k';.'-lss"(c.l.s in #ater).

Founds C, 54,183 H,9,203 Clie,55.1, Cloﬁaoﬁs requires
Cy 54,553 3,9009; 0%3;5605%0

liethyl 23334~trimethyl =X ~L-fucoside(50mg.) was
hydrolysed with aqueous sulphuric acid (N.,10ec:) at |
‘1000 for 3 hours giving 2:5:4-trimethy1—L~fucoae(dSNé.)
éaa a colourless, reducing syrup, Yiif;110°(¢s 0.l in
?water). On the paper chromatogrem, with selvent (I»

‘aa eluant, this product gave a single spot, Rg 0495, |



DLSCUBLION .

Crystalline L-fucose was prepared from Fucus
vesiculosus in the first instance by processing the
whole weed acewrding to the method of Tbllems et al.
(101) as modified by Clark(102) and by Hudson et al.
i(loo). 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 inj
7the weed, it achieves the useful elimination of the
major portion of inorganic saltis, of mannitol and ‘
other soluble matter. The removal of these materials
Eenables a much purer fucose phenylhydrazone to be
;obtained and hence ash-free fucose,

j liore satisfactory yields were obtained by wing
fthe polysaccharide fucoidin as a source of fucose.
The optimum conditions for the extrasction of fucoldin
from Fucus vesiculosug were found to be stirring for
6-9 houré at 80-100° one part (by weight) of the |
idried milled weed with ten parts (by volume) of wateﬁ;
Weter as the extracting liquid made it sometimes |
difficult to separate the weed residue from the solu~-
stion, but it wss preferred to acid as with the latter
there was greater danger o: degrading the fucoidin,
iAn 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

80% of the fucoidin present,
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Zveporation to dryness of the aqueéus extracts,
digsolution in water, and fractionsl precipitation
With ethanol at 204 and GQ% (t/v)‘céncentration
sfforded crude fuecoidin in 50-60% yield. (The 60%
fraction is crude fuecoidin). Pure fucoidin was
obteined by treatment with formaldehyde end separation
from the resulting insoluble compound. This treat-
%ent entails a 207 loss of fucoidin, but the degree
éf purification thereby achieved rendersthis wnrthwhi}e.
| Purified fucoidin was employed as a source of :
fucose in the greater number of preparations, two |
#etheda ﬁeiag used, Hydrolyeis of the p@lysacoharid§
with aqueous sulphuric acid, followed by neutralisation
?y paréolation through a resin column (Auberlite
1R-4B-0H), and treatment with phenylhydrazine afforded
A fucoaé phenylhydrazone in 45/ yield, from which, afte#
@ecompaaitica. fucose was obteined in 50% yield (fromi
%ucoidiw).(Baaéd on a 41% fucose (CgHjgo0p5) content % |
of fucoidin),
| Ion exchange resinsg were found to be the best
_ means of obtaining crystalline fucose direectly from
hydrolysed fucoiding, thus avoiding the intermediate
phenylhydragone step, where the most serious loss of
yield occurs., Hydrolysis of the polysaccharide with
agueous sulphuric acid followed by deionisation with
guccessive percolations through resin columns (Aubere
lite 1R=100~H ond 1lR-4B~0OH) afforded an effluent which
ﬁaa purified by ethanol precipitation. Le-fucose,



Qﬂ§;70°(c, 2.5 in water) ecrystallised from an
ethanolic solution in approx. 604 yield., (Based on
a 41% fucose contenf in fucoidin),

Using the m.p. and specific rotation values as
¢riteria it is seen that fucose c¢rystsllised directly
from the fucoidin deionised hydrolysate is slightly |
less pure than the suger obtained via the phenylhydras-
goney this however is compensated by the inerease 1nf
yield from an aversge of 404 to an average of 60%.
berivatives prepared from Le-fucose obtained by any of‘
the above described methods gave equally good analye

tical figures and possessed compsrable constants.

Methyl <X-Lﬁfu¢oéide was obtained crystalline by
ioth the methanolic hydrogeu chloride and the c¢ation
exchenge method, The latter method was extensively
émployed'for the preparation of glycosides in the |
fucose series becsuse of the small quentities aVailabia.
| Condensation of the fucoside with scetone was |
- achieved under the same conditiocns that were found to‘
ﬁe effective for the preparation of the corresponding
ihamnose derivative, In the present instance there |
are two ¢cig - si tuated hydroxyl groups at Cs and C4
énd condensation with acetone took place at these
positions, methyl 3:4-igopropylidene c-L-fueoside
being obtained.
| Since the only remgining free hydroxyl group is
now located at Cgy toluene-p-sulphenation of the isg
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@ropylidene compound can only have resulted in the
production of methyl 3:4-isopropylideneez-toluene~-p-
ﬁulphony1-<x~L-fueoside. Large ecrystals of this
heriVative were deposited from the pyridine solution
j»along with the customary festhery, water-soluble _
pyridine hydrochloride erystals, and could be separat}
ed vefore any further treatmeﬁt of the alksline aolutaon.
Removal of the isopropylidene residue was effect»
ed by means of refluxing 1% wmethanolie hydrogen
phloride solution, the pure methyl 2~tolueneﬁp-sulpho§yl
K =Lefucoside being also obtained crystalline, The
fact that all the intermediastes in this series of |
keactions were crystalline led to a very high degree
bf purity being masintained. ;
The presence of a free hydroxyl group on Cas
&rans—aituated to the toluene-prsulphonyl group at Cz;
ﬁade essy rewovel of thig group possible and treatmenk
hith sodium methoxide, the calculated volume of aqueoua
EM. reagent being added exgetly in the presence of
phenolphthaleiny resulted in the removal of the
toluene=-p-sulphonyl group with Walden inversion on
Co, and the formation of crystalline methyl 2:5-anhydr6-
f=deoxy~ AeL-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 extrsctions and evap~-
orations at room temperature, A further characteris~

tie of this compound is its crystalline aspeet which
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is in the form of very light wavy filiform strands.

| Fission of the asnhydroring was achieved by
heans of the alksline reagent sodium methoxide and
this was followed by hydrolysis with agueous sulphur-
;c acid, Depending on the side of the oxide ring
breaking, f=deoxy=3-methyleL-idese and 6-deoxy=-2-
@ethyl-L-galaetoue (c-methyl~l-fucose) would be
zexpected to form, In asctual fact = single main
preduct was obtained in 75-80% yield, and this was
gahown to be G~deoxy~3-methyl-L-idose by direct compag-
?iaon of its constants and those of the derived cryat{
valline enilide and phenylosazone with those of the |
;same compound obtained under similar conditions fromi
émethyl 33 d-anhydro-6-deoxy~ A-L-taloside(p. 39) and |
of its anilide and osazone. Repepted fissions of
this 2:3-anhydroring failed to yield sny other main |
‘product; traces of free L-fucose and up to 157 of aj
substance of intermediate Hg 0.5C were invariably |
?obtained. The latter compound wase at firet taken
'to be the other possible fission product, 2-methyl-Le
ifucose; it failed to crystsllise however on nucleatf
‘ion with authentic 2-methyleL-fucose (especially
:prepared) and g mixture of the two substances analys-
ied chromatographically showed two distinet spots, RGi
0.50 and Rg 0.59, Iomophoresis gave lig 1.0 and ig
0,33 for the two substances, respectively. The |
specific rotation Eigf—22° wae quite different from

R°
that of 2e-methyl-L-fucose, Lo, ~73°, but more closely
resembles that of 6-deoxy~L-idose. Admixture with |
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?uspected 6edeoxy-L~idose obtained in the Lerhaunose |
geries of reactions(p. 36 gave a single spot om
phromatcgraphic analysis with solvents (I) and (II)
és eluants, |

It is difficult to understand why no trace of
G-deoxy-2~methyl«L—galaefoae could be found in the
ﬁcission products from the methyl Esa;anhydro-Lm

1

taloside as both possible derivatives were isolated

from the fiasionavaf methyl 233-anhydro-D=lyxoside
and of methyl 3:4-anhydro-L-taloside. Gyr and
Reichstein(1ll5) recorded the isolation of a single
Froduct, 436-bengylidene 3~methyle x-D-idosgide, in
gxeellent yield from the action of sodium methoxide
bn methyl 2:3-anhydro-4:6-benzylidene- « -D-taloside,
gnd Sorkin snd Reichstein(117) obtained methyl 436
benzylidene 2=methyl-ol~D-idogide as the sole product?
from methyl 233-anhydro-~436~benzylidene d«ﬁmgﬁlesiae.
It may well be, however, that the deeiding factor in
these last two scissions is the large benzylidene
group attached to carbon atoms 4 and 6,

| Methylation with Purdie's resgents of the 233~
pnhydrotaloside afforded, after four treaiments,
crystalline methyl 233-anhydro~4-methyle M-L»taloside}
Alkaline scission of the ethylene oxide ring in this
compound was again achieved by mesns of sodium methoxs
idej hydrolysis of the product with aqueous sulphurib
mcid showed that the oxide ring had agein suffered
bciesion in one direction only, as a single spot, Rg
0,80, was obtained on the paper chromatogram with (I)
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;s the mobile phase. Thisg product on demethylation |
ghowed after heavy spotting a single spot correspond-z
ing to'L~fucose. Rg O0.21 with solvent (I) as eluant. |
The fully methylated glycoside crystallised and had
§onstants which agreed with those found for wmethyl
é:3:4-trimethy1- XeL=fucoside, prepared for the
purposes of comparison by direct methylation of methyi
&-L~fucoside, and alsc with the constents recorded |
by smith(116)., Hydrolysis of a portion of tne
(;:rystalline trimethyl glycoside yielded a syrup which
&n admixture with gsuthentic 2:314-~trimethyl-L-fucose %
ﬁroduced on the peper chromatogrem a single spot, Rg |
¢.95. vith solvent (I) as the mobile phase. The
?roduct from the alksline hydrolysis of methyl 2:3-
&nhydra~4-methyl—tqu-fucoaide ig thus shown to
fossess the L-fucose configuration and would therefore
be 2:14~-dimethyleL-fucose (6~decxuy-2sd-dimethyleLe
é&laetoee). |
| The introduction of e methoxyl group in poaitioni
¢4 appears to have csused a complete reversal of the
fission of the oxygen bridgee in the epoxide ring,

in the unmethylated derivative, methyl 2i3=-anhydro-6=|
deoxy-L-taloside, it is the oxygen bridge nearer C,
that bresks, but when the hydroxyl group on Cy is
#eplaced by the -0Olie radical then the oxygen bridge
iurther from Cy breaks, This is anslogous with the
tesults obtained from the methylated methyl 3:4-anhydro-
6-deoxy-L-taloside and the analogy extends still |
further in that the entering -OMe radicel is trans-
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%ituated to the —CH3 grour attached . to ecarbon
étom 5. |

| Although the isolation of & 6-deoxy-5—methyl-L-;
ﬁdose derivative from the unmethylated methyl 283~ |
@hydro--ﬁ-deow-L—tdoside is in conformity with the
%iews expressed by Bose et ale.(103) that the j
@redominant product from the scission of the epoxide%
#1ng in 233-anhydrosugars has the entering groups in
%he polar conformation, the isolation of a 6-deoxy- :
himethyl galactose from methyl 2:3-anhydr;f;3§§ég§l-%‘
L-taloside is in direct dissgreement, the entering |

@roup being equatorial in conformation,
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{a) Derivatives from LeRhamnose.

1. Czystalline methyl Jid-anhydro-G-decxye X «
Letplogide has been synthesised from Lerhamnose.
Conversion into the glycopyresnoside followed by con-
densation with acetone and trestment with toluene~p-
eulphonyl chloride led to the isclation of crystalline
methyl 2:3~igopropylidene-4-toluene~p-sulphonyl ot=l=
%::-hamnosida. Removal of the igopropylidene residue
hy mild hydrolyeis followed by treatment with aqueoug ,
sodium hydroxide gave rise to the anhydrodeoxytaloside.

2, Pigsion of the ethylene oxide ring in the
sbove 334-gnbydrowf-deoxytzloside with sodium methoxe~
ide follswed by acid hydrolysis afforded both possible
seission products, nemely 6-deoxy-4-methyleLe-mannose
{4~methyleLerhamnose] and Gedeoxy-3~methyl-L-idose.

The deoxymannosge derivative wes crystalline snd wes
jdentified by comperison of its constants with those |
recorded in the literature{109) for 4-methyleLle
rhamnose. The second product was shown ts be the
deoxyidosé derivative since gn identical compound
resulted from the azlkaline sciegsion of methyl 2:3-
anhydro=6edeoxy~ X~Letaloside; thie derivative was
further characterised by the isolation of & crystale
line gnilide and & erysialline phenylosazone.

3./



- 102 =
5« LeRhgmnose was the only product which could
be identified with certainty from the fission of the

anhydro ring with mineral acid or with barium
hydroxi de,

4., lethylation of the anhydrodeoxytaloside
afforded methyl 3:4-anhydroeB-deoxy-2-methyle Xele
taloside as an uncrystellisasbie syrup, the conatanta;
of which are recorded.

_ Be Fiesion of the ethylere oxide ring in the
methylated anhydrodeoxytaloside by mesns of sodium
methoxide occurred in one direction only, a single
scission product being isolated after acid hydrolysis.
This product was shown to be 2:i4-dimethyleL-rhamnose
&y demethylatign {0 Le-rhgunogey Ly the isolationm of
g crystalline agnilide, an X-ray powder photograph of
which ig idenvical with an X-ray powder photograph of;
Rs4~dimethyl-NephenyleLerhomnosylamine; and by '
conversion intc the fully methylated glycoside, nitriec
Eﬂid oxidation of which afforded s trimethoxyglutaric
acid, shown to have the Le-grabo- configurstion by the
isolation of erysialline Legrabetrimethoxyglutaric
diamide from the dimetayl ester of the aeid.

(b) Derivatives from L-Pucose.

i, Crystelline methyl 2:3«anbydro«bedeoxys X el
taloside has been synthesised from erystalline methyl
B:4d-igovropylidene~-2-toluene~-p~sulphonyl o -I-fucoside

by a, route parsllel to that follewed in the Lerhamnose



series.

2. Tiseion of the ethylene oxide ring in the
above 2:3-anhydro-6-deoxytaloside followed by aeid
@ydrolyais afforded only 6~decxy-3emethyl-L-idose,
jsince this product proved in every respect identical
with the deoxyidose derivative obtained from the |
%alkuline hydrelysis of methyl J:d-pnhydroe6-deoxys o =
Letsloside, It was further characterised by the
isolation of the seme crystalline anilide and

%phenylo Sazone.

3. lMethylation of the 2:3-anhydrodeoxytaloside |
afforded erystalline methyl 2:3-gohydroebe-deoxny=4-
methyle <=L-taloside, the constants and properties of

which are recorded.

4, Fipsion of the ethylene oxide ring in this
inethylated 2i13=gnhydro~b~deoxytaloside, followed by
acid hydrolysis, afforded a single scission product: |
Ri4-dimethyl-L~-fucose, which was characterised by |
;conversion into the fully methylated erystalline
glycoaide. This anglysed correcily for a methyl
fj‘!::.':!.methy:!.-cuwm'heazt:cas:i.da and had the same constants aa}
%aynthetic methyl 2:3:14-trimethyl~x «Lefucoside |
%(prepared direetly from Lefucose) and agreed with the
;conata,ntez recorded in the literature(116) for methyl |
2i3sdetrimethyle =Lfucoside,
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LUTRODUCTIION,

Of all deoxy-sugars the naturally occurring 2-
@eoxy-sugars. found in thymonuecleic acide and in the;
;cardiac glycosides have received thg greatest attent%
siom. Until 1944 only Fischer's glycal method(61)
&as known for the synthesis of such substances. Thisg
iDVOlves the reduction of an acetyl glycosyl halide
g(“acetobromo") derivative to a glyecal; D-glucose wasj
the first sugar to be converted, through the inter-
smed ate Deglucal(61,62,63) into 2e-deoxy-D-glucose
153,64.65). .
f This valuable method has, in most cases, led to
ﬁhe synthesis of the desired nroduct and excellent
ﬁields were obtained in the preparation of trigcetyl
glucal (61,66,67); of diacetyl rhamnal (63,68,70) 3 andi
of diacetyl erabinal(6%). The descetylation of thes%
&cetylglyeale mey be effected by means of squeous |
barium hydroxide, but more easily crystallisable
broducta result from desecetylation with gumonia in
wethenol, alcoholic alkali (€ege methanolic barium
ﬁydroxide), or sodium slkoxides, Cleavage of the
double bond of the glycel tskes place readily witk
dilute sulphuric acid and the sddition of water is
thought to be preceded by the formation of a sulphate

¢ster(64), which in turn gives rise with most sugers |
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to a erystalline deoxy-derivative. In this way

F.rhamnose is converted into ecrystalline Z2-deoxy-Le~

rhamnose,
H Ofc H By
—— cHou i e CHOoH
R — ¢ o
| |
HCOH WCORC HCORMc HiORc
|

l ReOCH AcoCH ROCH
————%H ———-éH -—__éH ___éH
CHs C|_H3 C|ZH3 CIHs
4 il I1I iV
!
—— CHoH ——cH I CH
J“z JH !H
o \{CI,OH <« O \-\CIOH <« O Hclohc
HOQlH \-\OCIH A@iu
___éH .___AH ____AH
CI-H3 (I-\'\:', Cl-Hs
Vil Vi v

| Iselin and Heichstein(70) found that the convere
ssion of L-rhamnose tetraacetate(ll) into acetyl
rhamnosyl bromide(IlI) is best achieved by hydrogen
bromide-scetic acid in the presence of acetic anhyds
srides in this way the unwanted formation of L«
&hamnose triacetate(IV) is minimised, Furthermore,

it is preferable not to isolste the acetylrharmosyl
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%bronide(III) tut to reduce the hydrogen bromide =
icontaming reaction mixture direetly at =10° with
cappcr and zimc dust, Undey these conditions,
fcuaeetyl Lervhamngl (V) is obtained in about 80% yield.
é Poor yields were however obtained in the aynthed-
:ia by Fischer's method of triacetyl galactal(71);

‘Of diacetyl xyla.l(‘m); of diacetyl L-fucal{73) (304
Wiald): and g bad yleld{18%) of diasetyl digitoxosean)
Néiaﬂetyl L32s6=-tridecxy-Deallose){74). In some
gnstancsa; as in the sttempted conversion of S~deoxye|
i" Semethyl-D-altrose inte the glycal cymaroseen (3=

‘
!
i
|
|
|
l
\
$
{

peﬁhyl»lzzzﬁntrideaxymﬂ»altraae}(?5}, this method
’faile to yield the desired product, :
} The importance of gertsin deoxyesugars, partic-
;sulaxly 2~deoxy~D~¥i bose, hasg led to many attempts
te synthegise this suger eesily end ln good yield.

|
|

Effort lige been dirvected to improve the Fscherx

!
glycel method of synthesis wind glse to develop g
| l
eompletely new wethods.
; An improved giycel methed was evolved by

EDariaz, Overend, Stacey, Teces snd Wiggins(7¢) for

ltthe gynthesis of Z~deoxy-l+ azud Lwdeony-i-ri nose,
?he usual wethods; widch geve s yield of Z-deoxy-D- |
rlbase of about 54, was to treat De-gralinel, (obtained
by the standard reactions irom D-arabincse) with 1ce~
eold mormsl sulphuvic avid solutiom. These warkers

found that if the pure, crystsiline G ~soetyl
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|

Frabineayl bromide is isolated first and thenm raduoedi
%to the 3314~-diacetyl arabinsl with zine dust in 50% |
;cetic agid solution at «10° in the presence of a few
?rops of chloroplatinic acid ss a catalyst,; the
%verall yield of 2—deoxyﬁ(5~L~riboae and 2-deoxy-ﬁ -
P-ribose*could be increased to 10%. é
ﬁ 2wbeoxy~D=galactose was aimilaily obtained by ;
@veread et 2l (77) in satiafaetory yield, These
%uthors also found that catalytie reduction of 3:4:6-
FriacetyluD-salactal followed by deacetylation gave |
izzudidecxy-D-galactose which had slso been obtained |
%y catalytic reduction of Degalactal, |
| Levene and Tipeon(71) end Pigman and Isbell(78)
#repared Redeoxy~D-galactose in poor yield by the
%riginal glycal method. The latter workers assumed
%hat on treatment of Degalactal with dilute aulphuricg
%cid solution the deoxy~sugar was formed via an inter+
?mediate ester which waes hydrolysed when heated with %
?axium carbonate at 609 for a relatively long period.:
@verend et 2l.(79) found that 2-deoxy~D-gslactose

ﬁay be obitained in much improved yield by introducing
?apid neutralisation of the reaction mixture with
ﬁarium hydroxide at room temperature, Whether a
iranaient ester is formed is not known, but the latter
suthors are rather of the opinion that the process
&escribed by Pigman and Igbell (loc,cit.) as hydrolye

tsis by barium carbonste was merely slow heterogemeouge~
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‘phase neutralisation of sulphuric aeid by dariua
;earbonaﬁe.

A vumber of melhods designed to supercede the
gﬁlyca,l method have also beeu developed. Fischier and
Sowden(80) showed that when -arabinose(Vi) is treat-
sed with nitromethane and an ascctylating agent (Sodium
éacetate) it yields l-nitro«i-graboedidibil-lotra- |
;:acewwhcx—lnen&wl;} wiieh on reduction gives 138«
jdideoxy-loni tro=D=grgbo~iexityl tetramcetate{VIII).
Treatment of this compound wiih sodium hydroxide

followed by dilute sulphuric scid alfords 2Z-deoxysbe |

‘glucose{ii).
H oH
O 4 |
I
HOICH J e \-\TOH HO(I._H N ClH
—_— —_—
HCOH | “uoNa HOICH 4+ HO?H Nalten, F\cOlQH
H(I:_ HC OH H?OH HCO Ac
CH 0K Hcl_oH HCOH WCOAC
| |
CH.OH CHOH CH,OAc
Vi Vil
4 \l\Hz'
o
NG H
T‘-— CH,NO,
I
CH,. (o

"oy ﬁp NaOH, AcOCH

\-\TOH Hfﬁ':;, cho Ac

HT N k\?o Ac
CH, 0 Cﬂ'zoprc

IX VIiIii
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EIt is to be noted that while sny one sugar will givei
two mitroalcohiols when condensed with nitromethane, |
these in turn will give only gne acetylated ni tro-
iolefin since the formation of the double bond
destroys the asymmetry of Cp of the nitroslcohols.
Overend et al.(B8l) repeated this synthesis using

i

De-grythrose as storting materigl and obtained a very

poor yield of Z~deoxy-~u-rivtose s end-product, This
fprace&ure does not appear 1o have been exploited |
Efurther.

g Another possibility weae examined by Overend and

;atacqy(SB): it is known that, in certain cases,
%methaneaulphonyl regidues attached to a secondary
icarbon atom may e replaced by an iodine stom by
Eheating the methanesulphonate with sodium iodide in
%acetane(ss}. If such @ reaction were possibie with
éa wemethanesulphonyl derivative of D-arabincse,; a 2«
Eiodo»deriVative would be cbialmed and on reduction
Ewould lead to the formation of 2-deoxy-ieribose, All
%attampts. however, to effeet the exchange reaction
gbetween varicus Ze-methanesulphonyl derivatives of De |
:arahinose and sodium iodide were unsuccessful,

| The wmost fruitful, and, therefore, most widely
;employed methods for the synithnesis of deoxye~sugars
‘at the present time are those using ethylene oxide
?anhydro-sugare. Kent, Stacey and Wiggins(84) found

that cleavage of the ethylene oxide ring in methyl
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;ﬁw-anhydm-ﬁ ~Deriboside(X) with hydrogen broumide
fyielded mainly methyl Sebromo-3-deoxy= | ~D-zyloside
;KXII) together with less than 107 of methyl 2-bromoe
ﬁ-deoxy-(b *Degrabinoside(XI), The latter was then
converted by reduction with Ramey nickel into methyl
éz-—daaxy-(b «Deriboside (~arabinoside)(XIII) snd the |
,Zcf‘nrmer by the same treatment geve methyl 5-&&93;:1-»(5 -
%{)«-ribeside (=xyloside) (XIV), The yleld of (XIII)
;was too small to be of practical value,

H inl
1Y 9 o H ~Q o o 9
3 ocl |
H HBY H 3 H e
— -+
-y H H Br Br H
o H Ho R Ho "
o oH H H oH
? . XE RE
| l £\0% 1
| H
©] :
b} ocH 4 L Q o,
H
f H w H “
, Ho H wo H
oH HH H ow
XII v

Methyl 2:3-anhydro=4:6-benzylidene-o ~Dealloside
E(XV) had become easily avallasble through the work of |
i&iobertwn and Griffith(54) and of Richtuyer and Hudsop
?(85) and Dede Prinstasj used this derivative to pre= |
ffxpare the s-deoxy-sugar. Robertson and Griffith had
tt'ound that alkaline hydrolysis of this auhydro-compound
with sodiwn methoxide caused clegvage of the oxygen |
?bond nearer the glycosidic group and gave mainly

methyl 2-methyl~4:6-benzylidene= L-Dealtroside(XVi), |
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vhereas Frins on reduciion wh th Reney unickel found
that fission ocourred st the other oxygen bridge {the
one further from the glycosidie group) and he obteln-
sed methyl Sedeoxye Xebeglucoside{iVil)(-alloside).

H e W0,

N AT \ / Wy O
] 1
|
HOCH H C\ QH30 CH
| %ﬂg{_ I/O o0, |
C
CH, O — H(l: o ea H(|:OH o
HCOH HC—o wWwc—o
i N N
— u C C
| | = CHCH 5 | /C“Cé"s
CH,0H CH,0 CHO
IVIX i XVi

Sougeult end coeworkers(87) and then Hozingo,
Holf, Herrie and Folkers(8&) found thaet certein
anlxahurucomaiaiu@ compoundes, when sulmitted o
hydregenolysie with Repey nickel catalyst; underge
clenvege end the sulphur stom is replaced by two
Lydrogen atoms, Jesnlom, Frime end Relchstein(89)
mede upe of this resction to syntheslse 2edeoxys
sugerse Iy treatment of mothyl 0i3eanhydyos4i6e
Vengylidenes delepllogide(iV) with soddum mercaptide
& Semethylthicederivetive(XVII)was obtained, from
which by Hozingo's reductive desulphurisation
procedure the methyl Sedeoxys AeDwglloeide{XTX) wes

dﬁﬂ v‘d* |
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{ Further support for these resulis was obltained |
by iieehly and Reichstein(90) who achieved the ﬁ.aola,ﬁv;:
%ion of the 2-decxy-sugar{XXI 5 following similer
treatment of methyl 2:3-enhydro-4:6-benaylidene~ seDe
{tulo side(XX). |

1

ocH H Owt; " O CH
| b i o
1
(3 T\ CHSSCH <H,
1 P I RONEY |
| HC NaSz H< oW NICKEL,
: | o — | Q —/> mucou 4
3' |
| S G —
| WE e |
e I
O0—CQH, O—CH, oO—C
XX XX

| Subseguent work by Polliger ond Prins(9l) shsv.fedé

}iiowaver that I-deoxy~darivetives mickt nlso De obtain-f

é?ed bty this method, They found that trestment of |

x%:ethyl 2:=anhydro-4;:6«bongyilidencex ~Demannoside{XXII)
u‘vith sodivm mercaptide gave a uenititative ylield of

|
|
|

|
| \
| |
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methyl 4:6ebenzylidene~3~uethylthios ?«Desliroside
(x1711) which on hydrogenolysis with Reney nickel guve
‘the 3~deoxy~derivative (XXIV).

H ok, W OCH, W, oo,
/ /
\'C \IC \lc/
CH
0<| s HO(I'H RANEY s
lc—H o adCy;, HICSCH:, L4 NICKEL C.Hz &
" IC—O |C—o H CI oH
3! lc \-\Ic W
HCH CHC M |
cr 07 o’ ¢° M, oM
Al & AEIXL X3V

gimilar treatment{92) of methyl &:3leanhydrowd;le
‘benazylidence S eletaloside (XXV) olse gave & 3
methylthiowderivative (XXVI) and a 3edeoxy-sugar(Xxvl

C
| | |
/C.H Mo+ P no <H
oL | Na SO, NICKEL |
O—(H —
IC /0 'C Oo— (|_\'4
W el C
cs\-\sc\u c‘Hé{( H | Cugw HIC
O—dN, O—_CH, \O—(H,_
XAV Xavi XXVil

Thepe results may be sumuarised as follows,

Ezydrogenation under pressure of methyl 2id-anhydroe
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@:6~benzylidene~oL-D-hexosides with Raney nickel in 5
ﬁethanol always gives methyl 3«deoxye ~Dehexosides, i
regardless of the spatisl configuratiom, On the
?ﬁher hand, the same snhydroe o -Degugars (together 1
ﬁith the feform recorded above) afford om treataent(
#ith sodium mereaptide either 2- or 3- methylthioe
bmmers, according to the spatial arvangements Here E
&he scission of the ethyliene oxide ring follows the :
bame route as when sodium methoxide is the hydrelyticf
agent(p.l7‘w)- Gut, Prins and Reichstein(92) advane+
ed the following generalisation to cover these facts:
#n the D-seriesy the -Sile or -OMe group enteis im the
é*positian wiien the ethylene oxide ring is situated

to the right in the Fischer projection formula of the

pugarT, and im the 3e-position if the ring is to the
ieft; The opposite will hold in the Legeriesgs if
the ethyleme oxide ring is om the left, the substite
ﬁent enters in the znpositién; if the ring is on the
?ight, then the ~Sile ¢or -OMe group attaches itself to
bg. In comparing the theories advanced to account |

for the entry of the substituent (-Sle or «Qle group)E

in a particular position, the choice by Reichstein et

!

éli of the Fischer projection formulae to illustrate §
iheir generalisation sppears unfortunate since ne j
ntructural gignificance attaches to whether the

ethylene oxide ring is situated to the left or to the

kight of the sugar chein, The deciding factor
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is rathey the position of the snhydro ring relative
to the glycosidie group amd the temined carbon atow .
s can be seen by the examination of a model,.

in the most rocent work on the aynthesio of
deoxy-pugars lithium sluminfum hydride has been |
euployed as the clesvage resgent of the ethylene ?
oxide ringe Uede Frins{93) using the general mthaﬁdz
of Nystrom and Brown{94) succeeded in obtalning sotise
tfectory yields of deony-sugers with this reagent,
liethyl 230eanhydroedsSebengylidenss alrallonide{XV)
gave mothyl 4}6-benzylidoncefedeoxye Xeleglioside-altroside)

LAVIT) (94).
H\ /ocH3 H\' /<><_HJ
o=t ey
HC H
N 2
| o Ly, |
“T o —_— Hcoy o
Hc—o HT—O
I .
' HC HC \
| )
{ IC\-\Q W C Mg <o CHC Hg
T
iV XXVIIX

: in the suse way Houemstein oud Helcusteim($d)
converted methyl 2ileanhydroedstebonzylidones o e
%deﬁ{m) . Anto methyl ¢idebengylidene~I-deonye
| o wiwgulod delXX1) feidoside).

1
i
s
{
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C Hc HC
CGHS_< ' C‘HS_CH |
O— cw, O — CH,
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| Bosey Chaudhuri and Bhattecharyya(lO4) cite the
production of deoxyalirose and deoxyidose derivativesg
from the reduction of 2:3-anhydro sugars with lithium
aluminium hydride as further support for Fdrst and }
?1attner‘a rule (B, 23 ) of polar substitution of t‘he?
éntering groups,.
| Allerton and Overend(96) succeeded in isolating
%oth possible cleavage products from methyl 2:3- |
anhydro- P ~D-riboside(X) with this reagent. The main
product was methyl :’»»deoxy»{b «Dexyloside (-riboside)
g

(XIV) together with approximately 14% of methyl
R-deoxy~ P ~Deriboside(-arabinoside)(XIII),

H Ll

(@] Q
N AMe H G oMe
H ™ + 3] H
W Ho N
on W H oY

By farying the cond)ggilans of the lithi)gny alumine
,flum hydride reduction of methyl 2:3-anhydro-4:6«
di toluene-p-sulphonyle x «Dealloside(XXIX), Bolliger
end Ulrich(97) found that ei ther methyl 2:6-dideoxy~- |
« =D-alloside (methyl X-D-digit@xoside)(XXX) or it:%

4=-toluene~p~sulphonyl derivaetive(XXXI) resulted.



3] (o] C\"s L (& 1N, PN 12y OCH3

/ / /
\C \C c
| | |
HC\ w, W, ‘
HL/O LMY Lo '
I O | o ncow
HfOTs Hﬁou WCOoTs
1 I HC HCT
| l , I |
CH,OTs M, CH 3
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§ Purther work by Bolliger and Thérkauf(98) ahowed.
‘that in this reaction, of the three functional grou;w
}n XXIx) the amhydro ring reacts more readily thaen | §
mhe primary toluene-p-sulphonyl group which, in tum,'
is more reactive than the secondary toluene-g—sulghon%
byl group, ;
In the present work the action of 1ithium 1
- plumxnium hydride on 3:4- and zt&anhydm-derivatiVesi
§t‘rom 6=deoxy-Lemannose snd b-deoxy-L-galactose,
ikespectively. has been investigated.

|
|
i
|
|
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Derivatives from L-Rhgmnose and L-Fucose, ?

SAFHRI LN T

Reduction with Lithium Aluminium Hydride ofs

(1) Methyl 3sd4-snhydro-6-deoxy=ci~L-tslogide,
Crystalline methyl 3:4- anhydro-6-deoxy« =L~ ?

talosidé(z.Og.) in dry ether (150cc.) was added

dropwise to a suspension of finely powdered lithium |
aluminium hydride(2.,0g.) in dry ether(150ce.) 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 etheresl ;
solution of the anhydrotaloside was regulated aéCord%
ing to the vigour of the reaction: after the initiaﬁ
brisk reaction had subsided, the solution of the |
anhydro compound was cdded more quickly but so that j
the addition required 30-45 minutes. The mixture i%
the reaction flask was then refluxed with continuousé
stirring for 4 hours, At the end of this period thé
flask was cooled in ice-water and the excess lithium%
eluminium hydride in the mixture destroyed by.the

careful addition of water, The strongly alkaline

solution was then seidified (to litmus) with aqueousz
2N, sulphuric acid and the whole mixture exhanstivelj

extracted with cold chloroform (10 x 100ee.). 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
J"Hyflo" filtercel, The resultant colourless syrup
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(o T8 )4 §§§ -85°(c, 1.1 in water) was hydrolysed with

aqueous salphurice acid as reguired,
| q

|
|

A portion of the above syrup(O.llg.) was hydrol-
Iyaed at 100° with aqueous sulphuric acid(l5cc.; 4%) |
(‘ﬁl -86° -20°, 20 min, constant) The product‘
a colourless syrup, had ‘élb «20%(c, 1.8 in methanol).
—16 (ey 0.73 in water) and produced a single spot, Rd
‘0 72, on the paper chromatogram with solvent (I) as !

|
|
|
|
|

the eluant, On repetitions of this work, spotting
éof the hydrolysed product showed also faint iraces ;
gof a second constituent, Rz 0.40, identical with
iL—rhamnose.

? A portion (35mg,) of the hydrolysed product was
gtreated with gniline g8 in previous experiments, but;

ell attempts to isolate a crystalline gnilide were

unsuccessful, i
| .
| Osazone Formatio |
A portion (0,1g.) of the hydrolysed product wasi

converted into the phenylosazone by treatment with

iphenylhydrazine(o.lsqp.) in water(2ce.) and glacial
;acetic acid (1 drop) for 2 hours at 1000, An oil |
éwhich failed to crystallise was isolated. The
experiment was repeated in an atmosphere of carbon j
;dioxide. After repeated washing and recryatallisat~
?ion from aqueous ethanol, an smorphous solid was
%obtained which melted below 80°, All attempts to

%raiae the m,p. were unsuccessful,
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Synthegis of methyl §;6-dideogx-g:4-d1taluene-p:
sulphonyl®L-tsloside. ;

A portion (0.3g.) of the glycoside in dry, puref
pyridine(25ec.) contsining drierite(10g.), after the
slow addition of finely powdered toluene-n-aulphonyl%
chloride(1.05g.,3 3 moles) was allowed to stand at 15%
for 72 hours. At the end of this period, the dark g
red solution was poured with stirring onto cxushed é
ice, when a small quantity of white solid was precip;
itated. This was removed by filtrationy the
filtrate was extracted with chloroform (4 x 50cc.),

cthe extracte washed with aqueous sulphurie acid(lxl;

3 x 50cc.) followed by saturatedsqgueous sodiwum hydrog-
en carbonate (2 x 50cc.) and by water(50cc.). The f
washed chloroform extrascts were dried over anhydrouag

sodium sulphate and taken to dryness; a small quan-f

tity of syrup resulted which was poured onto cruéhedf

ice affording a further small quantity of white 50114.
The two solids were recrystallised from warm methanoi
and had m,p. 9593 they both gave a negative test far?

c1. |

(Founds 8, 13.1; CpyHog0g8, requires S, 13:6% )«

(2) Methyl 334-anhydro-6-deoxy=-2-methyl- a-L-tﬂ;ougg‘ "

Methyl 3:4-anhydro-6-deoxy-2-methyl- u»L-taloai#e
(2g.) in dary ether(150ec.) was sdded to lithium slume

!zinium hydride(2g.) suspended in dry ether(150¢c.) aé

described above, The chloroform extracts of the

worked-up mixture yielded on evaporation of the
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%elvent a ecolourless syrup(0.9g.) which had [&1:°

}83.5°(c, 1.4 in methsnol). This (0O.1lg.) was |
?ydrolysed with aqueous sulphuric acid(20cc.; 4%) and
gthe product, which had {xl‘:-lz.z"(c. 0.9 in methanol),
éproduoed on the paper chromatograsm two spots, RG O.Qd
gend, Rg 0.72 (trace). The residue of the syrup(0.8g.)
was then hydrolysed as above and the sugars separated
by passage through a cellulose column, fractionation

being achieved as on p. 533 the following fractions

were collected,

E Tubes.

1 - 24 -
28 - 38 RG 0.90
39 - 43 -
44 « 60 Rg 0.72
Identification of Fraction Rg 090,

This fraction, a colourless syrup (0.305g. after
purification) had (Elfll4°(e, 3,05 in ethanol), ~4°§
(ey 3,0 in water). (Founds Olie, 19.2§ CyH1404 |
requires Olie, 19.14%). Demethylation of 45mg. withg
hydriodic aeid in the ususl manner gaie a syrup whic&

on heavy spotting produced on the paper chromategram%

|a gingle spot, Rg 0.72, indistinguishable from that §

'given by 3:6-dideoxy-L-talose,

(3) Methyl 233%-anhydro-6-deoxy= X=L-tsloside,

| lethyl 283-anhydro-6-deoxy- X=Letaloside(0.58.)
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?in dry ether(30cc.) was reduced with a suspension of
é’lithium sluminium hydride(0.5g.) in dry ether(30cc.)
28 elready detalled. Removal of the solvent from
;the dried chloroform extracts of the acid aqueous
élayer gave a clear, pale yellow syrup (0O.15g.).
{ChxomatograpMc enslysis with 87 phosphoric acide-
ianiline oxalate spray revealed one strong spot, Rg 1.0,
and two faint spots, Rg 0.69 and Rg 0,30, Hydrolysis
gwith aqueous sulphurie acid(Equ.; &) at 100° ( o<y |
—{1.47 —> «0,22, 60 min, constant), followed by
neutralisation with barium carbonate, filtration snd
gremOVal of water under reduced pressure gave a reduc-
ing syrup(0O.llg.)s this produced on the paper ;
gchromatogram. with solvent (I) as elusnt, four spots,
iRG 0.72y Ry 0.85, Ry 0,50 and Rg 0.22, the last three

indicating traces only,

; Since the guantity of syrup was too small to
fallow separation on a celluloge column, it (0.1g.)
3was separated into its constituents on Whatman ¥o.d 5
ifilter paper, the procedure PBeing as follows. The |
?bulk of the syrup was spotted on the central part of
%the origin line of the paper, while two spots on _
istrips Scm, wide and situated on either side of the

%central portion, served for reference,
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After the mobile phase (solvent (I) ) had
iadVanced to within one inch of -the bottom of the
chromatogram (20 hours), the paper was dried. The
two Sem, strips were then cut off and developed in
fhe usual manner, Having detemined the extent of
movement of the various fdactions on the reference
strips, lines were drawn across the corresponding ;
@arta of the central portion of the paper to delinea%e
the position of each sugar. These strips were thenf
hut into smgll pieces and extracted with cold, aqueo@s
Bthanol (3 x 30ec.)s After purification and remova#
br all solvents, the folloﬁing chromatogrephically |
pure fractions were obtaineds:

j(l) syrup(20mg. ), Rg 0.22, indistinguishable from ,

| L-fucoge. é

(2) syrup(smg.), Rg 0.50, indistinguishsble from

| 6-deoxy-L-idose. : %

(3) syrup(50mg.), Rg 0.72, E&1:-18°(c, 0.5 in i
methanol), -20%(e, 0.5 in water), indistinguish-
able from the sugar possessing similar rotations
in water and methanol and producing a single spofm
of the same Rg 0.72, obtained by the reduction
1ithium sluminium hydride of methyl 334-anhydro-
~L-talosid e.

(4) syrup(1lOmg.), Rg 0.85, The ghantity of this
syrup was too smsgll to allow further investigat-

ioneg to be made,
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Repetition of this reduction end hydrolysis on q
Larges quantity(2.0g.) of methyl 213-anhydro-6-deoxy~
i<><-I.--'t:aa‘:!.¢a:sn:lde gave a product which on chromatographiq
analysis revealed a main constituent, Rg 0.72,
chompanied by traces of substances the R; values of;
&hich (Rg 0.22 =nd Rg 0.50) point to their being |
i-fuccse and B-deoxy-~L-idose, respectively. Yo
xrace of the faster moving constituent, Rg 0.85, was

obtained. The product(C.65g. after hydrolysis) was

purified by passage through a column of cellulose and
ﬂhe following fractions were collecteds: |

Tubes 1 - 130 . |
131 - 200 Rg 0.72 i

201 - 300 umnseparated mixture Rg 0.22 anq
0.50

I

Identification of Fraction Rg 0.72.

This fraction, a colourless sy rup (Oo4g. after E
purification) had EJ] «209%(ec, 1.2 in methanocl). Ag
:portion (0.15g.) was converted into the glycoside by?
refluxing at 80% with methanolic hydrogen chloride i
(9@9.; 1%) until the rotation became comstant ( Eilpf
{-200 — 780, 10 hours). The nonereducing product, |
}a colourless syrup, was dissolved in dry pyridine |
(20cc.) toluene-p-sulphonyl chloride (0.35g., 3 moleJ)
added in the usual manner and the solution kept at
159 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 reerystallisation

from warn methanol m.p. 94-95%,

03 Be

(s} QGQ e - o -O(-Lntalggldg

Crystalline methyl 233-snhydro=-6-deoxy-4-methyl-

' eLetaloside(l.2g,) in dry ether(100cc.) was reduced

by lithium aluminium hydride(l.2g.) suspended in dry

ether(100ac.) according to the ususl procedure. From

'the chlorofom extracts a pale yellow syrup(0.65g.)

was obtained and this was hydrolysed with aqueous

sulphuric aeid (40cc.; 4%) at 100%( 0, =1.45 —>-0.40,

30 min, constant).

The hydrolysed product, &

colourless reducing syrup (0.60g,) produced om the

‘paper chromatogram, with solvent (I) as the eluant,

one mainvelongated spot, Rz 0,93, accompanied by

?traces of three substances having Rg 0.72, Rg 0.50

|and Rg 0.22.

This preduct was purified by passage

‘through a cellulose column but all attempts to

:separate the fraction Rg 0,93 into two components i

were unsguccessful,

Fractionation was achieved as

‘ususl, every tenth tube being enslysed ciomatograph+

ieally with solvent (I) as the eluant. The followe

ing fractions were collected:

Tubes

1-20
21-35
56«60
61-65

66~105

Rq 0.93

Ry 0,72 presumed to be 3:6=
dideoxytalose
Unseparated mixture,
Rg 0.50 and Rg 0.22
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Identification of Frsction Rg 0,93,

This fraction(0.,25g.) appeared to be contaminatea
mith waxy material and after purification was reduced
to 0.lg. It had (ls -38%(¢, 1.8 in water), -25° |
(c, 1.0 in ethanel). (Found OMe, 18.7; CyH;,04 requires
pMe, 19.14%). Careful spotting on a paper chromato=-
gram and running for 48 houré gave waat appeared to
%e two partly superimposed spots.

Demethylation with hydriedic acid in the usual
@anner afforded a syrup which on heavy spotting
%roduced on the peper chromatogram two spots, Rg 0.63
pnd Rg 0.35, together with a trace of unchanged
material, 3s6-Dideoxy-L~talose was run as a control
and Bad Rg 0.71.

j The syrup of Rg 0.93 gave a greenishepurple
éolouration in the Dische test.

Qégggg ests.~ The procedure employed is that evolvea
Py Derisz et al,(125) as asmended by Allerton, Overend
end Stacey(l24). The sugar was dissolved in water
Kconcentratﬁona recorded below) and the Dische
}eagent (4g. diphenylemine in 400ce, glecial acetic
meid containing llec. concentrated sulphuric acid)
(6cce) added to 4t. The solution was heated in a
ptandard test—tube in a boiling water-bath for 15
minutes; it was them cooled in ?ce-water for 10
minutes and the intensity of the colour developed
heasured in a "Unicam® photoelestric absorptiometer

et ) 5800 A, Furfuryl alcohol (0,02mg,/cg.), which
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gives in this resction the standard blue colourationé
;ahsociated with 2-deoxy derivatives, was used for i
gcompariaon. Ss6~Dideony=-L-talose prepared from Le
irhamnose and from Lefucose and‘3:6-dideoxy-2-methyl-:
i-talose all gave a greenish-blue colouration with the
@iache reagent, whilst the dideoxy~4-methyle-L-talose
;gare a greenish-purple colour. The following {
?easurements were mades

Optieal lolecular extince
density_  tiom coefficient

; at 5800 4 €
3Furfury1 alcohol 0.45 2205
3;6-Dideoxy~L—talaae E
(from rhaunose) 0.40 112 ;
33 6=-Dideoxy~L-talose '
(from fucose) S
3:6—D1deoxy-2»methyl~L—
talose : Qe35 110

: The furfuryl alcohol gave in this test such an
,1ntenae blue colouration that a concentration of

0 «02g./litre had to be employed, The dideoxy sugard
xon the other hand required a concentration of 5~6g./i

;1itre for good development of colour, The follawind

§table summari ses these observations,

| Furfuryl alcoliol 336-dideoxy-L-taloge E

;1.5ms./ac. v. dark 1.5mg./cc. hardly sny colour

b.ﬁmg./cc. dark blue 3 x 1.5mg./cc, " ’ %

éo.lsmg./qc. dark blue 10 x 1,5mg./ec. v. pale gre#n

;0.02mg./cs. blue 5.4mg,./ce., greenish-blue |
It is to be moted that the colour given by

éfurfuryl alcohol in this test deveoloped within 2 i
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|

minutes of heating, whilst the colourations produoedi

iby the dideoxy sugars required the full time of 15 |
@inutea for development, It was also found that i
§although the intensities of the colourations did not
échange for several hours, they deepened appreciably |

gafter 18 hours. The molecular extinction coefficien

fwas calculated from the formula |
i

c = 3¢ n Molecu t
conc. in g./litre,

t
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PIBCUSSION,

| The procedure employed for the reductionm of :
ethylene oxide anhydrosugars with lithium gluminium %
hydride was broasdly that of Nystrom and Brown(94) as
faypliad by Lythgoe and Trippett(127). Various

modifications have been introduced by Swiss workers

in this field. Thus, Heuenstein and Reichstein(95)

|
|
|
|
|
|
|
|
|
|
|
|
|
i
|

|
;reflux the reaction mixture for g much shorter period
i(lo minutes) and add to the residue in chloroform a |
%saturated solution of sodium potassium tartrate. Iﬁ
iother cases, tetrghydrofuran is used as the solvent |
Einstead of ether, and ethyl scetate is employed in
conjunction with agueous Rochelle salt mixture(97).
‘The conditions recommended by Lythgoe and Trippett
were found to be satisfactory and were adopted
ithroughout the present work, g
| As all the anhydrosugars employed in this work ;
‘were easily soluble im ether it was unnecessary to
fem.ploy the Soxhlet extractor recommended for substan#as
speringly soluble in ether(94) or to experiment with
different solvents suech as tetrahydrofuran.
| Following the procedure employed more recently
by Chanda, Hirst snd Percivel(129), the whole of the
resction mixture was extracted with cold chloroform 5
at the end of the reflux period, after the excess

11 thium sluminiwa hydride hed been destroyed and the
mixture aeidified. In this way the reduced sugar

was obtsined in 40-45 yield, after hydrolysis with |

|
|
i
|
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aqueous sulphuric scid, The deoxy sugars were |
@ifﬁcult to purify as they proved completely soluble:
in ethanol, chloroform snd butasnol-petrol ether,
iﬁwhile their aqueous solutions remained turbid and
éould not easily be clarified,

In line with the findings of previous workers 1n
this field, the reduction appears to afford one only
pf the two possible deoxy produvcis. Thus Prins(%) |
#btained mnethyl 4: G-benwlidene-z-deoxy-oL-D—allosidei
(-altroside) from methyl Bss-axzhydra-hs-benzyudene-i
;,oL-'D*-allOBide; Hauenstein and Reichstein(95) conve‘rt;pd
#xethyl 2t d=anhydre«~4s6-bengylidene~ X~D=guloside intag
i;he 2-deoxy= ot=Deguloside (~idoside) derivatives
sgain, Bolliger snd Ulrich(97) obtained methyl 216-
édideo:q-o(-l)-allaside from methyl 2:3-gnhydro-4:6-
;aitolueae-g» sulphonyle A=Deglloside, Allerton and
Overend(96) did succeed in isolating both methyl 3-
fdeoxy-— ¢ -D-xyloside and methyl S~deoxye f} ~D-riboside
j(:i.n 147 yield) from methyl 2:3-anhydro- {”--:l)e'ri1r:n:vasiciua;?i
in the majority of cases however, the reduction with |
lithium sluminium hydride appears to afford ome only '
&f the two possible cleavage products. Im the |
ﬁresent work, one only of the expecied deoxy sugars
vas isolated in every case, albeit contaminatéd with
small amounts of other sugars, Thus, from methyl
233=and methyl 334~anhydro-b6e-deoxy-c(~L=taloside a
ﬁngle main produet, Rz 0,72, was obtained after
hydrolysis; this is presumed to be 3:6-dideoxy-Le
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:talose as this sugar is the only product ‘tha.t could
result from the reduction of both the 2:3- and the
;3:4-anhydrodeoxytaloaide. |

The products from both sources had similar
optical rotationss YN]:.-BM(c. 1,8 in methanol), |
f-18°(c. Oeb in methanol)s [o(]f-ls"(c. 0,73 in water).%
r120(c, 0.5 in water), respectively. They were |
indi stinguishable chromatographically affording a |
single spot, Rg 0,72, with solvent (I) as the eluant.
both alone and on admixturey their solutione had |
‘the same optical densities when these were mea.sured
in the course of a Dische test (see p.129)3 and they;_
both afforded the ssme ditoluene-p-sulphonyl derivat-
ive, Attempts to isolate a erystalline anilide and |
phenylosazone wére unsuceegsiul,

From methyl 3sd-anhydro=6-deoxy~2-methylec( «L=-
taloside the magin reduction product afforded, safter
hydrolysis and separation from contsminating traces,
# single spoty Ry 0.90, om the paper chromatogram
vith solvent (I) as the eluant, and had Y_ot-l‘:ul4°(0. |
5,05 in ethanol), ~4°(c¢c, 3,0 in water), When submi to
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ted to the Dische test this eyrup gave a blue-green
colour of similar intensity to that given by the 316
@dideéxy derivative, Demethylation with hydriodic
facid produced a syrup which on the paper chromatogrm
with solvent (I) as the eluant was indistinguishable )
j'from 33 b-di deoxy-L-talosge, | These results point to
%he reduction product being 3: G-dide@w-—zo-methyl-l.;
“talme. i
liethyl 23 3-whydmuéaéeewné-memylau~wtalosidﬁ
after reduction and hydrolysis gave a syrup which |
eppeared to conteinm twe substances of glmost identiea;i
Rg velue. In the Dische test this product gave risai
?to & greenish-purple colouration in contrast with thaéf
’fgreeniéh-‘blue colours obtzined with the 3:6-dideoxy~
taloaea. The more obvious conclusion from these |
results ig that the product is a mixture of 236~dideew~
fand 33 6=dideoxy~4-methyl-iL-talose, If this were m.;
damethyla,tien ghould give 2:6~dideoxy- and 5:6»@116.@@::;{-
thaloae. Unfortunately chromatograpbic aznalysis eﬁ
g1:113 demethylation syrup, while revealing two mbatarwes,
failed to show the presence of 516-didecxy-Letalose.
It is true that one of the spots has sn Rg velue cloqe
to that of 336-dideoxy~L-talose and the fazet that it L
Eis glightly slower might be dus to the hindering |
%effact of the other substznces present, but in the
%opinion of the writer this does mot appear likely.
The other constituent of the demethylation syrup, Rg

0.35, might well be the 236-dideoxy 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 hydridq
on methyl 2:5-anhydro-s-deoxy-bmethyl-lwtaloaide haq
;aroved impossible, a completely different line of
]ap'proaeh will be necessary to cstablish the identity | i
pf these derivatives, 'I

| Deriaz et al.(125) submitted numercus carbohydr dt
derivatives to the Dische test{126) in an attempt to

?establish its specificity for o-deoxyribose. They
proved thal the vsaction depends upon the eccnversion {
iof the 2~deoxypentose under acid conditions inte !

w’ ~hydroxygiaevulic sldehyde. This substance f
;reacta with diphenylanine in the presence of glacial
5acatic acid and cume, sulphuric acid and gives rige
tc solid complexes some of whigh under acid conditio

give a typical btlue colouration and charscteristio

,_Mﬂ_ﬁ_,____._‘_w e

absorption band, Theae workers reached the cenclua—‘
mm that although certsin carbohydrste derivatives ‘
;produced colours under these conditions, the tests |
ffer 2~deoxy-ribose were not inveglidated, Only those‘

5compounda such a8 2-deoxy ribose, arabingl and

;furfuryl alcohol which gre convertible into W -hydro:::;y-
§ia.evulic aeldehyde geve colours of similar opticsl |
%denaity vhen measured in a Spekker azbscrptiometer,
Methyl 2-deoxy-dimethyl- -L-ribopyranoside gave o |
much lower value for the molecular extinction coeffe {
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@cient than the above substances, but this is to be |
@xpeeted as the transformaticn of this compound into
‘iuf~hydroxylaevulic aldehyde would be mueh more
%iffioult inaamucﬁks it involves the cleavage of an
kther methyl group.

% This work was extended by workers in the
birmingham laboratories(128) to 2-deoxy-De-xylose
%hich, on”treatment with the Dische reagent, gave thé
;eharaeteriatie bBlue colour. This agein was shown to»
be due to the formation of Wehydroxylaevulic aldehyde.
xurther work(124) on 3-deoxyxylose and 2i3-dideoxy- |
iribose showed that these substsnces also gave blue
@olours in the Dische test, but these colours were
ﬁeak and not comparable with those obtained from the%
k—deoxyderivstivea and in these latter experiments 1€
gvas often necessary to use higher concentrations of
gsugar and to heat for longer periods to obtain the
%olour.

| The dideoxy derivatives obtained in this work
ésawe results comparable with the gbove. It was neeeﬁa-
axy to use higher conceantrations, to obtain the blueq
green colour, then was used in the production of the§

standard colour from furfuryl aslcohel; the values

obtained for the molecular extinction coefficient
%for these derivatives appear to be reasonably close
?to those recorded for 2:3-dideoxy-L-ribose( ¢ = 107)
;and for 3-deoxy~Le~xylose ( €= 126), which is in
Sagreemen'i; with their formulagtion as 3:6-dideoxy~

hexoses.
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SUHEARY s

Dideoxy derivatives from L-Rhgmnoge and L-Fucose,

1. Reduction of methyl 3id-anhydro-O-deoxy«= K =L=
taloside with lithium sluminium hydride afforded,
after acid hydrolysis, a single produet shown to be
Ssﬁ-dideo:q-u-talose, as an identicsl product was
abtained by the reduction of methyl 2: Svanhydm-ﬁ-aeoxy-
g-L—taloside. This reduction product gave a posi ti’gte
ﬁische test snd was characteriged by the isoclation of%
érystal}.ine nethyl 316-dideoxy~284~8itoluene=p-sulphonyle k-
L-taloside,

2., Reduction of methyl 3;é-anhydro-Gedecxy=2e
niath’yl- xeletaloside afforded, after acid hydrolysis, |
33 6-dideoxy-2-methyl-L-taloge which gave a positive |
Dische test and was identified by demethylation te
$36~dideoxy~L~talose,

3. Reduction of methyl gzss-anhydro-»sﬁdeoxyc.oul.‘
-utaloeide. follewed by acid hydrolysis, gave only .;:64
dideoxy-L-talose; this produet had the same Rg value,
fhe same rotatiom, and afforded the same ditoluene-p-
sulphonyl derivative as the product from the reauetio%\
of methyl 3:4=snhydro=-6edecxy ct-Letaloside,

4, Reduction ¢f methyl 2;3-anhydrowbe-deoxywd-
methyle A=Letzloside gave, after acld hydrolysis, a
syrup which on chromatographiec snalysis revesled two
substances of aslmost identical Rg value and which |

could not be separated.
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